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wherein R. R; . Rz and Ar are as defined in the description, have valuable pharmaceutical properties and are 
effective especially as matrix metalloproteinase inhibitors, for example for the treatment of arthritis. They are 
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The present invention relates to the compounds of formula I 
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(a) wherein 

Ar is carbocyclic or heterocyclic aryl; 

R is hydrogen, lower alkyl. carbocyclic aryl-lower alkyl. carbocyclic aryl. heterocyclic aryl. biaryl. biaryl- 
tower alkyl. heterocyclic aryl-lower alkyl, mono- or poty-halo-lower alkyl. Ca-Cz-cycloalkyl, C3-C7- 
cycioalkyl-lower alkyl. (oxa or thia)-C3-C6-cycloalkyl. [(oxa or thia)-C3-C6-cycloalkyl]-!ower alkyl, hydroxy- 
lower alkyl. acyloxy-lower alkyl. lower alkoxy-lower alkyl. lower alkyl-(thio. sulfinyt or sulfonyl)-lower alkyl. 
(amino, mono- or di-lower alkytamino)-lower aikyl. acylamino-lower alkyl. (N-lower alkyi-piperazino or N- 
carbocyclic or heterocyclic aryl-lower alkylpiperazino)-lower alkyl, or (morpholino. thiomorpholino. 
piperidino. pyrrolidine, ptperidyl or N-lower aikylpiperidyl)-lower alkyl; 

Ri is hydrogen, lower alkyl, carbocyclic aryl-lower alkyl. carbocyclic aryl. heterocyclic aryl. biaryl, biaryl- 
lower alkyl, heterocyclic aryl-lower alkyl, mono- or poly-halo-lower alkyl. C3-C7-cycloalkyl, C3-C7- 
cycloalkyl-lower alkyl, hydroxy-lower alkyl, acyloxy-lower alkyl, lower alkoxy-lower alkyl, (carbocyclic or 
heterocyclic aryl)-lower alkoxy-lower alkyl. lower alky!-(thio. sulfinyl or sulfonyl)-lower alkyl. (amino, 
mono- or dt-lower a!kylamino)-lower alkyl, (N-lower alkyl-piperazino or N-carbocyclic or heterocyclic aryl- 
lower alkyipiperazino)-lower alkyl. (morpholino, thiomorpholino, piperidino, pyrrolidine, piperidyl or N- 
lower alkylpiperidyl)-lower alkyl, acylamino-lower alkyl. piperidyl or N-lower alkylpiperidyl; 
R2 is hydrogen or lower alkyl; 

(b) or wherein R and Ri together with the chain to which they are attached form a 1,2.3.4-tetrahydro- 
isoquinoline. piperidine. oxazolidine. thiazolidine or pyrrolidine ring, each unsubstituted or substituted by 
lower alkyl; and Ar and R2 have meaning as defined under (a); 

(c) or wherein Ri and R2 together with the carbon atom to which they are attached form a ring system 
selected from Co-Cy-cycloalkane which is unsubstituted or substituted by lower alkyl; oxa-cyclohexane. 
thta-cyclohexane. indane, tetralin, piperidine or piperidine substituted on nitrogen by acyl. lower alkyi, 
carbocyclic or heterocyclic aryl-lower alkyl, (carboxy. esterified or amidated carboxy)-lower alkyl or by 
lower alkylsulfonyl; and Ar and R have meaning as defined under (a); 

pharmaceutically acceptable prodrug derivatives thereof; and pharmaceutically acceptable salts thereof; 
further to a process for the preparation of these compounds, to pharmaceutical compositions comprising 
these compounds, to the use of these compounds for the therapeutic treatment of the human or animal 
body or for the manufacture of a pharmaceutical composition. 

The compounds of formula I defined under (b) above can be represented by formula la 



X 
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wherein X represents methylene or 1,2-ethytene each unsubstituted or substituted by lower alkyl. or X 
represents oxygen, sulfur, or 1 .2-phenylene; and Ar and R2 have meaning as defined above. 
The compounds of formula I defined under (c) above can be represented by formula lb 
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HO— N — C C N S Ar (lb) 

1 CH^ ^CH2 II 
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wherein Y is a direct bond, Ci -C^ -straight chain alkylene optionally substituted by lower alkyl, CH2OCH2. 
CH2SCH2. 1.2-phenylene. CH2-1 .2-phenylene or CH2N(R6)-CH2 in which Re represents hydrogen, lower 
alkanoyl, di-lower alkylamino-lower alkanoyl. aroyl. carbocyclic aryl-lower alkanoyi, lower alkyl. carbocyclic 
or heterocylic aryl-lower alkyl, (carboxy. esterified or amidated carboxy)-lower alkyl or lower alkylsulfonyl; 
and Ar and R have nneaning as defined above. 

A preferred embodiment of the compounds of formula lb relates to the compounds of formula Ic 




(Ic) 



in which r represents oxygen, sulfur, a direct bond, methylene or methylene substituted by lower atkyl, or 
NRg; Rg represents hydrogen, lower alkanoyl. di-lower alkylamino-lower alkanoyl. carbocyclic aryl-lower 
alkanoyl. lower alkyl, carbocyclic or heterocyclic aryl-lower alkyl. (carboxy. esterified or amidated carboxy)- 
lower alkyl or lower alkylsulfonyl; Ar and R have meaning as defined above; pharmaceutically acceptable 
prodrug derivatives; and pharmaceutically acceptable salts thereof. 

Preferred are said compounds of formula I, la. lb and Ic wherein Ar is monocyclic carbocyclic aryl such 
as phenyl or phenyl mono-, dt- or tri -substituted by Ct-Cio-alkoxy. hydroxy, carbocyclic or heterocyclic 
aryl-lower alkoxy. Cs-Cj-cycloalkyl-lower alkoxy. (lower alkyl, carbocyclic or heterocyclic aryl-lower alkyl or 
C3-C7-cycloalkyl-lower alkyl)-thio, lower alkyloxy-lower alkoxy. halogen, lower alkyl, cyano, nitro, 
trifluoromethyl. lower alkyl-{sulfinyl or sulfonyl), amino or mono- or di-lower alkylamino; or Ar is phenyl 
substituted on adjacent carbon atoms by Ci-C2-alkylenedioxy or oxy-C2-C3 -alkylene; or Ar is heterocyclic 
monocyclic aryl such as thienyl or thienyl substituted by lower alkyl; the other symbols have meaning as 
defined; pharmaceutically acceptable prodrug derivatives thereof; and pharmaceutically acceptable salts 
thereof. 

Further preferred are the compounds of formula 1 wherein Ar is phenyl which is unsubstituted or mono-, 
di- or tri-substituted by Ci-Co-alkoxy. hydroxy; phenyl-lower alkoxy wherein phenyl is unsubstituted or 
substituted by lower alkyl, lower alkoxy. halogen or trifluoromethyl; heterocyclic aryl-lower alkoxy wherein 
heterocyclic aryl is selected from pyridyl, tetrazolyl. triazolyl. thiazotyl. thienyl, imidazolyl and quinolinyl. 
each unsubstituted or mono- or disubstituted by lower alkyl or halogen; 

C3-C7-cycloalkyi-lower alkoxy. (lower alkyl, phenyl-lower alkyl or Co-Cz-cycloalkyl-lower alkyl)-thio. lower 
alkyloxy-lower alkoxy. halogen, lower alkyl, cyano. nitro. trifluoromethyl. lower alkyl-(sulfinyl or sulfonyl). 
amino, mono- or di-lower alkylamino or, on adjacent carbon atoms, by Ci-C2-alkytenedioxy or oxy-C2-C3- 
alkylene; or Ar is thienyl. isoxazolyl or thiazolyl each of which is unsubstituted or mono- or di-substituted by 
lower alkyl; 

R is hydrogen, lower alkyl, phenyl-lower alkyt wherein phenyl is unsubstituted or substituted by lower alkyl. 
tower alkoxy. halogen or trifluoromethyl; phenyl which is unsubstituted or mono-, di- or tri-substituted by 
lower alkoxy, hydroxy, halogen, lower alkyl. cyano, nitro. trifluoromethyl, lower alkyl-{thio. sulfinyl or 
sulfonyl), amino, mono- or di-lower alkylamino or. on adjacent carbon atoms, by Ci-C2-alkylenedioxy or 
oxy-Ca-Ci-alkylene; or a heterocyclic aryl radical selected from pyridyl, tetrazolyl, triazolyl. thiazolyl. thienyl. 
imidazolyl and quinolinyl. each unsubstituted or mono- or disubstituted by lower alkyl or halogen; biphenylyl 



3 



.060S046At J_> 



EP 0 606 046 A1 

which is unsubstituted or substituted by lower alkyl. lower aikoxy. halogen, trifluormethyl or cyano; 
biphenylyl-lower alkyl wherein biphenylyl is unsubstituted or substituted by lower alkyl. lower aikoxy. 
halogen, trifluormethyl or cyano; (pyridyl, thienyl, quinolinyl or thiazolyl)-lower alkyl, trifluornnethyl. C3-C7- 
cycloalkyl. C3-C;-cycloalkyl-lower alkyl. (oxa or thia)-C3-C6-cycloalkyl. [(oxa or thia)-C3-C€-cycloalkyl]-lower 
5 alkyl, hydroxy-lower alkyl, lower alkanoyloxy-lower alkyl. lower alkoxy-lower alkyl, lower alkyl-(thio. sulfinyl 
or sulfonyl)-lower alkyl, (amino, mono- or di-lower alkylamino)-lower alkyl, lower alkanoylamino-lower alkyl, 
(N-lower alkyl-piperazino or N-phenyl-lower alkylpiperazino)-lower alkyl or (morpholino, thiomorpholino, 
piperidino, pyrrolidine, piperidyl or N-lower alkylpiperidyi)-lower alkyl; 

Ri is hydrogen, lower alkyl; phenyl-lower alkyl wherein phenyl is unsubstituted or substituted by lower alkyl. 
10 lower aikoxy. halogen, trifluoromethyl or. on adjacent carbon atoms, by Ci-C2-alkylenedloxy or oxy-C2-C3- 
alkytene; phenyl which is unsubstituted or substituted by lower alkyl, lower aikoxy. halogen or 
trifluoromethyl; pyridyl. thienyl. biphenylyl, biphenylyl-lower alkyl; heterocyclic aryl-lower alkyl wherein 
heterocyclic aryl is selected from thiazolyl. pyrazolyl. pyridyl, imidazolyl and tetrazolyl each unsubstituted or 
substituted by lower alkyl; trifluoromethyl, C3-C7 -cycloalkyl, C3-C7-cycloatkyl-tower alkyl. hydroxy-lower 
75 alkyl. lower alkanoyloxy-lower alkyl. lower alkoxy-lower alkyl, (phenyl or pyridyl)-lower alkoxy-lower alkyl, 
lower alkyl-(thio. sulfinyl or sulfonyl)-lower alkyl. (amino, mono- or di-lower alkylamino)-lower alkyl. (N-lower 
alkyl-piperazino or N-phenyl-lower alkylpiperazino)-lower alkyl. (morpholino. thiomorpholino, piperidino, 
pyrrolidine, piperidyl or N-lower alkylpiperidyl)-lower alkyl, lower alkanoylamino-lower alkyl; Ra-CONH-lower 
alkyl wherein R3 represents (di-lower alkytamino, N-lower alkylpiperazino. morpholino, thiomorpholino. 
20 piperidino. pyrrolidino or N-alkylpiperidy!)-lower alkyl; piperidyl or N-lower alkytpiperidyl; 
R2 is hydrogen or lower alkyl; 

(b) or wherein R and R-, together with the chain to which they are attached form a 1 ,2,3.4-tetrahydro- 
isoquinoline, piperidine, oxazolidine, thiazolidine or pyrrolidine ring, each unsubstituted or mono- or di- 
substituted by lower alkyi; and Ar and R2 have meaning as defined under (a); 
25 (c) or wherein Ri and R2 together with the carbon atom to which they are attached form a ring system 
selected from C3-C7-cycloalkane which is unsubstituted or substituted by lower alkyl; oxa-cyclohexane. 
thia-cyclohexane, indane. tetralin and piperidine which is unsubstituted or substituted on nitrogen by 
lower alkanoyi, di-lower alkylamino-iower alkanoyi, lower alkoxycarbonyl. (morpholino, thiomorpholino or 
piperidino)-carbonyl. lower alkyi. (phenyl or pyridyl)-lower alkyl, (carboxy. lower alkoxycarbonyl. ben- 
30 zyloxycarbonyl, aminocarbonyl or mono- or di-lower alkylaminocarbonyi)-lower alkyl or by lower alkylsul- 
fonyl; and Ar and R have meaning as defined under (a); 

a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically acceptable salt thereof. 
Especially preferred are the compounds of formula I wherein Ar is phenyl which is unsubstituted or 
mono-, di- or tri-substituted by Ci-C7-alkoxy. hydroxy, phenyl-lower aikoxy. C3-C7-cycloalkyl-lower aikoxy, 
35 lower aikyloxy-lower aikoxy. halogen, lower alkyl, cyano. nitre, trifluoromethyl, lower alkyl-(sulfinyl or 
sulfonyl), amino, mono- or di-lower alkylamino or, on adjacent carbon atoms, by Ci-Cz-alkylenedioxy or 
oxy-C2-C3-alkylene; or Ar is thienyl. isoxazolyl or thtazolyl each of which is unsubstituted or mono- or di- 
substituted by lower alkyl; 

R is hydrogen, lower alkyl. phenyl-lower alkyl; phenyl which is unsubstituted or mono-, di- or tri-substituted 
40 by lower aikoxy. hydroxy, halogen, lower alkyl. trifluoromethyl. or, on adjacent carbon atoms, by C1-C2- 
alkylenedioxy or oxy-Cz-Cs-alkylene; or a heterocyclic aryl radical selected from pyridyl, thiazolyl and 
quinolinyl, each unsubstituted or mono- or disubstituted by lower alkyl; biphenylyl; biphenylyl-lower alkyl; 
(pyridyl or thienyl)-lower alkyl. trifluormethyl, C3-C7 -cycloalkyl, C3-C7-cycloalkyl-lower alkyl. (oxa or thiaj-Cs- 
Ct -cycloalkyl, [(oxa or .thia)-C3-C6-cycloalkyl]-lower alkyt, hydroxy-lower alkyl, (N-lower alkyl-piperazino or 
46 N-phenyl-lower alkyIpiperazino)-lower alkyl or (morpholino. thiomorpholino, piperidino, pyrrolidino, piperidyl 
or N-lower alkylpiperidyl)-lower alkyl; 

Ri is hydrogen, lower alkyl; phenyl-lower alkyl wherein phenyl is unsubstituted or substituted by tower alkyl, 
lower aikoxy, halogen, trifluoromethyl or. on adjacent carbon atoms, by Ci-C2-alkylenedtoxy; biphenylyl- 
lower alkyl; heterocyclic aryl-lower alkyl wherein heterocyclic aryl is selected from thiazolyl, pyrazolyl. 

50 pyridyl, imidazolyl and tetrazolyl each unsubstituted or substituted by lower alkyl; C3-C7 -cycloalkyl, C3-C7- 
cycloalkyl-Iower alkyl, hydroxy-lower alkyl, (phenyl or pyridyI)-lower alkoxy-lower alkyl, lower alkyl-(thio, 
sulfinyl or sulfonyD-lower alkyl, (anhino, mono- or di-lower alkylamino)-tower alkyl, (N-lower alkyl-piperazino 
or N-phenyl-lower alkytpiperazino)-lower alkyl. (morpholino. thiomorpholino. piperidino. pyrrolidino. piperidyl 
or N-lower alkylpiperidyl)-lower alkyl, lower alkanoylamino-lower alkyl; Rs-CONH-lower alkyl wherein R3 

55 represents (di-lower alkylamino, N-lower alkylpiperazino. morpholino. thiomorpholino, piperidino, pyrrolidino 
or N-alkylpiperidyl)-lower alkyl; piperidyl or N-lower alkylpiperidyl; 
R2 is hydrogen or lower alkyl; 
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(b) or wherein R and Ri together with the chain to which they are attached form a thiazolidine or 
pyrrolidine ring, each unsubstituted or nnono- or di-substituted by lower alkyi; and Ar and Rs have 
nneaning as defined under (a); 

(c) or wherein Ri and R2 together with the carbon atom to which they are attached form a nng system 
selected from Ca-Cz-cycloalkane which is unsubstituted or substituted by lower alkyl; oxa-cyclohexane, 
thia-cyclohexane and piperidine which is unsubstituted or substituted on nitrogen by lower alkanoyl. di- 
lower alkylamino-lower alkanoyl. lower alkoxycarbonyl. (morpholino. thiomorpholino or piperidino)-car- 
bonyl. lower alkyl, (phenyl or pyridyi)-lower alkyl. (carboxy. lower alkoxycarbonyl. aminocarbonyl or 
mono- or di-lower alkylaminocarbonyl)-lower alkyl or by lower alkylsulfonyl; and Ar and R have meaning 
as defined under (a); 

a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically acceptable salt thereof. 
A particular embodiment of the invention relates to the compounds of formula II 




wherein 

R is hydrogen, lower alkyl. carbocyclic aryl-lower alkyl. carbocyclic aryl. heterocyclic aryl. biaryl. btaryl- 
lower alkyl, heterocyclic aryl-lower alkyl, mono- or poly-halo-lower alkyl. CG-Cz-cycloalkyl, Cs-Cz-cycloalkyl- 
lower alkyl. (oxa or thiaVCs-C^-cycloalkyl, [(oxa or thia)-C3-C6-cycloalkyl]-lower alkyl. hydroxy-lower alkyl. 
acyloxy-lower alkyl. lower alkoxy-lower alkyl. lower alkyl-(thio, sulfinyl or sulfonyl)-lower alkyl. (ammo, mono- 
or di-lower alkylamino)-lower alkyl. acylamino-lower alkyl, (N-lower alkyl-piperazino or N-carbocyclic or 
heterocyclic aryl-lower alkylpiperazinoj-lower alkyl, or (morpholino, thiomorpholino. piperidino, pyrrolidine or 
N-lower alkylpiperidyl)-lower alkyl; 

Ri is hydrogen, lower alkyl, carbocyclic aryl-lower alkyl, carbocyclic aryl. heterocyclic aryl. biaryl, biaryl- 
lower alky), heterocyclic aryl-lower alkyl. mono- or poly-halo-lower alkyl. Cs-Cz-cycloalkyl. C5-C7-cycloalkyl- 
lower alkyl, hydroxy-lower alkyl, acyloxy-lower alkyl. tower alkoxy-lower alkyl. lower alkyl-(thio, sulfinyl or 
sulfonyl)-lower alkyl, (amino, mono- or di-lower alkylamino)-lower alkyl. (N-tower alkyl-piperazino or N- 
carbocydic or heterocyclic aryl-lower alkylpiperazinohlower alkyl. (morpholino. thiomorpholino. pipendino, 
pyrrolidino, piperidyl or N-lower alkylpiperidyl)-lower alkyl. piperidyl. N-lower alkylpiperidyl, or acylamino- 
lower alkyl represented by Rs-CONH-lower alkyl; 
R2 is hydrogen; 

R3 in Ra-CONH-lower alkyl is lower alkyl, carbocyclic or heterocyclic aryl. di-lower alkylamino. N-lower 
alkylpiperazino, morpholino. thiomorpholino, piperidino, pyrrolidino. N-alkylpiperidyl. or (di-lower alkylamino. 
N-lower alkylpiperazino, morpholino, thiomorpholino. piperidino, pyrrolidino. pyridyl or N-lower alkyl- 
piperidyl)-lower alkyl; 

R^ is hydrogen, lower alkoxy. hydroxy, carbocyclic or heterocyclic aryl-lower alkoxy. lower alkylthio or 
carbocyclic or heterocyclic aryl-lower alkylthio. lower alkyloxy-lower alkoxy. halogen, trifluoromethyl. lower 
alkyl. nitro or cyano: 
Rs is hydrogen, lower alkyl or halogen; 

or R4 and Rc together on adjacent carbon atoms represent methylenedioxy. ethylenedioxy. oxyethylene or 
oxypropylene: 

or a pharmaceutically acceptable prodrug derivative thereof: or a pharmaceutically acceptable salt thereot. 

Another preferred embodiment of the invention relates to the compounds of formula 11 wherein R and Ri 
together with the chain to which they are attached form an l.2,3,4-tetrahydro-isoquinoline. pipendine. 
thiazolidine or pyrrolidine ring; and R2. FU and Rs have meaning as defined above: pharmaceutically 
acceptable prodrug derivatives; and pharmaceutically acceptable salts thereof. Such compounds cor- 
respond to compounds of formula la wherein Ar is optionally substituted phenyl as defined above. 

Another preferred embodiment of the invention relates to the compounds of formula II wherein Ri and 
R2 together with the carbon atom to which they are attached form a ring system selected from cyclohexane, 
cyclopentane. oxacyclohexane. thiacyclohexane, indane. tetratin. piperidine or piperidine substituted on 
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nitrogen by acyl, lower alkyi, carbocyclic or heterocyclic aryl-lower alkyl or by lower alkylsulfonyl; and R. FU 
and Rs have meaning as defined above; pharnnaceutically acceptable prodrug derivatives; and pharmaceuti- 
cally acceptable salts thereof. Such compounds correspond to compounds of formula lb wherein Ar is 
optionally substituted phenyl as defined above. 
5 Particularly preferred are the compounds of formula 111 



w 



HO— N 
I 

H 

wherein R represents lower alkyl. trifiuoromethyl, Cs-C7-cycloalkyl, (oxa or thia)-C4-C5-cycloalkyl, biaryl, 
carbocyclic monocyclic aryl or heterocyclic monocyclic aryl; Ri represents hydrogen, lower alkyl, C5-C7- 
cycloalkyl, monocyclic carbocyclic aryl, carbocyclic aryl-lower alkyl, heterocyclic aryl-lower alkyl. lower 
2C alkoxy-lower alkyl, lower alkyl-(thio, sulfinyl or sulfonyl)-lower alkyl, di-lower alkylamino-lower alkyl, (N-lower 
alkylpiperazino, morpholino, thiomorpholino, piperidino or pyrrolidino)-!ower alkyl or R3-CONH-!ower alkyl; 
R3 represents lower alkyl, carbocyclic aryl, heterocyclic aryl, di-lower alkylamino, N-lower alkylpiperazino. 
morpholino, thiomorpholino. piperidino, pyrrolidino, N-alkylpiperidyl. or (di-lower alkylamino, N-lower alkyl- 
piperazino, morpholino. thiomorpholino, piperidino, pyrrolidino or N-alkylpiperidyl)-lower alkyl; Rd represents 
25 lower alkoxy or carbocyclic or heterocyclic aryl-lower alkoxy; or a pharmaceutically acceptable prodrug 
derivative thereof; or a pharmaceutically acceptable salt thereof. 

Further preferred are compounds of formula III wherein R represents monocyclic carbocyclic aryl or 
monocyclic heterocyclic aryl; Ri and R* have meaning as defined above; pharmaceutically acceptable 
prodrug derivatives; and pharmaceutically acceptable salts thereof. 
30 More particularly preferred are said compounds of formula III wherein R represents heterocyclic 
monocyclic aryl selected from tetrazolyl. triazolyl, thiazolyl, imidazolyl and pyridyl, each unsubstituted or 
substituted by lower alkyl; or R represents phenyl or phenyl substituted by lower alkyl, lower alkoxy. 
halogen or trifiuoromethyl; Ri represents lower alkyl, cyclohexyl, or Ra-CONH-lower alkyl wherein R3 
represents (di-lower alkylamino, N-lower alkylpiperazino, morpholino, thiomorpholino. piperidino, pyrrolidino 
35 or N-alkylp(peridyl)-lower alkyl; and R4 represents lower alkoxy or phenyl-lower alkoxy: or a pharmaceuti- 
cally acceptable prodrug derivative thereof; or a pharmaceutically acceptable salt thereof. 

A further preferred embodiment relates to said compounds of formula III wherein R represents 2-. 3- or 
4-pyridyl or phenyl; Ri represents Ci-C* -alkyl. cyclohexyl or R3-CONH-C1-C* -alkyl wherein R3 represents 
di-Ct-Cd-alkylamino-Ci-C4 -lower alkyl; and R* represents lower alkoxy; or a phari . eutically acceptable 
40 prodrug derivative thereof; or a pharmaceutically acceptable salt thereof. 

Particularly preferred are said compounds of formula III wherein R represents 3-pyridyl or 4-pyridyl; Ri 
represents isopropyl or cyclohexyl; and R* represents lower alkoxy; or a pharmaceutically acceptable 
prodrug derivative thereof; or a pharmaceutically acceptable salt thereof. 

The invention relates especially to the specific compounds descrit>ed in the examples, pharmaceutically 
45 acceptable prodrug derivatives thereof and pharmaceutically acceptable salts thereof, and in particular to 
the specific compounds described in the examples and pharmaceutically acceptable salts thereof. 

Pharmaceutically acceptable prodrug derivatives are those that may be convertible by solvolysis or 
under physiological conditions to the free hydroxamic acids of the invention and represent such hydroxamic 
acids in which the CONHOH group is derivatized in form of an 0-acyl or an optionally substituted 0-benzyl 
50 derivative. Preferred are the optionally substituted Obenzyl derivatives. 

The compounds of the invention depending on the nature of the substituents, possess one or more 
asymmetric carbon atoms. The resulting diastereoisomers and enantiomers are encompassed by the instant 
invention. 

Preferred are the compounds of the invention wherein the asymmetric carbon in the above formulae (to 
55 which are attached Rt and/or Ra) corresponds to that of a D-aminoacid precursor and is assigned the (R)- 
configuration. 

The general definitions used herein have the following meaning within the scope of the present 
invention, unless othen^vise specified. 
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The term "lower" referred to above and hereinafter in connection with organic radicals or compounds 
respectively defines such as branched or unbranched with up to and including 7. preferably up to and 
including 4 and advantageously one or two carbon atoms. 

A lower alkyl group is branched or unbranched and contains 1 to 7 carbon atoms, preferably 1-4 carbon 
5 atoms, and represents tor example methyl, ethyl, propyl, butyl, isopropyl or isobutyl. 

A lower alkoxy (or alkyloxy) group preferably contains 1-4 carbon atoms, advantageously 1-3 carbon 
atoms, and represents for example ethoxy. propoxy. isopropoxy. or most advantageously methoxy. 
Halogen (halo) preferably represents chloro or fluoro but may also be bromo or iodo. 
Mono- or poly-halo-lower alkyl represents lower alkyl preferably substituted by one, two or three 
10 halogens, preferably fluoro or chloro. e.g. thfluoromethyt or trifluoroethyK 
Aryl represents carbocyclic or heterocyclic aryL 

Prodrug acyl derivatives are preferably those denved from an organic carbonic acid, an organic 
carboxylic acid or a carbamic acid. 

An acyl derivative which is derived from an organic carboxylic acid is, for example, lower alkanoyt, 
/5 phenyl-lower alkanoy! or unsubstituted or substituted aroyi, such as benzoyl. 

An acyl derivative which is derived from an organic carbonic acid is. for example, alkoxycarbonyl. 
especially lower alkoxycarbonyl. which is unsubstituted or substituted by carbocyclic or heterocyclic aryl or 
is cycloalkoxycarbonyl, especially Ca-Cz-cycloalkyloxycarbonyl, which is unsubstituted or substituted by 
lower alkyl. 

20 An acyl derivative which is derived from a carbamic acid is, for example, amino-carbonyl which is 

substituted by lower alkyl. carbocyclic or heterocyclic aryt-lower alkyl, carbocyclic or heterocyclic aryl. 

lower alkylene or lower alkylene interrupted by O or S. 

Prodrug optionally substituted O-benzyl derivatives are preferably benzyl or benzyl mono-, di-. or tn- 

substituted by e.g. lower alkyl, lower alkoxy. amino, nitro. halogen and/or trifluoromethyl. 
25 Carbocyclic aryl represents monocyclic or bicyclic aryl. for example phenyl or phenyl mono-, di- or tn- 

substituted by one. two or three radicals selected from lower alkyl, lower alkoxy, hydroxy, halogen, cyano. 

trifluoromethyl. lower alkylenedioxy and oxy-C2-C3-alkylene; or 1- or 2-naphthyl. Lower alkylenedioxy is a 

divalent substituent attached to two adjacent carbon atoms of phenyl, e.g. methylenedioxy or ethylenedioxy. 

Oxy-C2-C3-alkylene is also a divalent substituent attached to two adjacent carbon atoms of phenyl, e.g. 
30 oxyethylene or oxypropylene. An example for oxy-Cs-Ca-alkylene-phenyl is 2.3-dihydrobenzofuran-5-yl. 

Preferred as carbocyclic aryl is phenyl or phenyl monosubstituted by lower alkoxy. halogen, lower alkyl 

or trifluoromethyl, especially phenyl or phenyl monosubstituted by lower alkoxy. halogen or trifluoromethyl. 

and in particular phenyl. - i- i 

Heterocyclic aryl represents monocyclic or bicyclic heteroaryl, for example pyndyl, qutnolinyl. 

35 isoquinolinyl, benzothienyl. benzofuranyt. benzopyranyl, benzothiopyranyl, furanyl. pyrrolyl. thiazolyl. ox- 
azolyl. isoxasolyl. triazolyl. tetrazolyl. pyrazolyl, imidazolyl. thienyl. or any said radical substituted, espectally 
mono- or di-substituted, by e.g. lower alkyl or halogen. Pyridyl represents 2-. 3- or 4-pyndyl. advanta- 
geously 2- or 3-pyridyl. Thienyl represents 2- or 3-thienyl. advantageously 2-thienyl. Quinolinyl represents 
preferably 2-. 3- or 4-quinolinyl. advantageously 2-quinolinyl. Isoquinolinyl represents preferably 1-. 3- or 4- 

40 isoquinolinyl. Benzopyranyl. benzothiopyranyl represent, preferably 3-benzopyranyl or 3-benzothiopyranyl. 
respectively. Thiazolyl represents preferably 2- or 4-thiazolyl. advantageously 4-thiazolyL Tnazolyt is 
preferably 1-. 2- or 5-(1 .2.4-triazolyt). Tetrazolyl is preferably 5-tetrazolyL Imidazolyl is preferably 4- 

imidazolyl. , , . * ■ i 

Preferably, heterocyclic aryl is pyridyl. quinolinyl. pyrrolyl. thiazolyl, isoxazolyl. tnazolyl. tetrazolyl, 
45 pyrazolyl. imidazolyl. thienyl. or any said radical substituted, especially mono- or di-substituted. by lower 
alkyl or halogen; and in particular pyridyl. 

Biaryl is preferably carbocyclic biaryl, e.g. biphenyl. namely 2. 3 or 4-biphenyl. advantageously 4- 
biphenyl, each optionally substituted by e.g. lower alkyL lower alkoxy. halogen, trifluoromethyl or cyano, 
C3-C7-Cycloalkyl represents a saturated cyclic hydrocarbon optionally substituted by tower alkyl which 
50 contains 3 to 7 ring carbons and is advantageously cyclopentyl or cyclohexyl optionally substituted by tower 
alkyl. 

(Oxa or thia)-C3-Cft-cycloalkyl represents a saturated cyclic radical wherein 1 or 2. preferably 1, oxygen 
or sulfur atom(s) and 3-6. preferably 4-5. carbon atoms form a ring, e.g. tetrahydropyranyl. 
tetrahydrofuranyl, tetrahydrothiopyranyi or tetrahydrothienyl. 
55 Oxa-cyclohexane means tetahydropyran. and thia-cyclohexane means tetrahydrothiopyran. 

Carbocyclic aryl-lower alkyl represents preferably straight chain or branched aryl-C, -C4 -alkyl in which 
carbocyclic aryl has meaning as defined above, e.g. benzyl or phenyl-(ethyl. propyl or butyl), each 
unsubstituted or substituted on phenyl ring as defined under carbocyclic aryl above, advantageously 
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optionally substituted benzyl. 

Heterocyciic aryl-lower alkyl represents preferably straight chain or branched heterocyclic aryl-Ci-C^- 
alkyl in which heterocyclic aryl has meaning as defined above, e.g. 2-. 3- or 4-pyridylmethyl or (2-. 3- or 4- 
pyridyl)-(ethyl, propyl or butyl); or 2- or 3-thienylmethyl or (2- or 3-thienyl)-(ethyl, propyl or butyl); 2-, 3- or 
6 4-quinolinylnnethyl or (2-, 3- or 4-quinolinyl)-(ethyl. propyl or butyl); or 2- or 4-thiazolylmethyl or (2- or 4- 
thiazolyl)-(ethyl. propyl or butyl). 

Cycloalkyl-lower alkyl represents e.g. (cyclopentyl- or cyclohexyt)-(methyl or ethyl). 

Biaryl-lower alkyl represents e.g. 4-biphenylyl-{methyl or ethyl). 

Acyl is derived from an organic carboxylic acid, carbonic acid or carbamic acid. 
10 Acyl represents e.g. lower alkanoyi, carbocyclic aryl-lower alkanoyi, lower alkoxycarbonyl, aroyi, di- 
lower alkylaminocarbonyl or di-lower alkylamino-lower alkanoyi. Preferably, acyl is lower alkanoyi. 

Acylamino represents e.g. lower alkanoylamino or lower alkoxycarbonylamino. 

Acylamino-lower alkyl in R and Ri is Ra-CONH-lower alkyl in which R3 represents e.g. lower alkyl. 
lower alkoxy, aryl-lower alkyl, aryl-lower alkoxy. carbocyclic or heterocyclic aryl, di-lower alkylamino, N- 
75 lower alkylpiperazino, morpholino. thiomorpholino, pipertdino, pyrrolidine. N-alkylpiperidyl, or (di-lower 
alkylamino. N-lower alkylpiperazino. morpholino, thiomorpholino, piperidino, pyrrolidine, pyridyl or N-lower 
alkylptperidyl)-lower alkyl. 

Lower alkanoyi represents e.g. C1-C7 -alkanoyi including formyl, and is preferably C2-C4 -alkanoyi such 
as acetyl or propionyl. 

20 Aroyl represents e.g. benzoyl or benzoyl mono- or di-substituted by one or two radicals selected from 
lower alkyl. lower alkoxy. halogen, cyano and trifluoromethyl; or 1- or 2-naphthoyl; and also e.g. pyridylcar- 
bonyl. 

Lower alkoxycarbonyl represents preferably Ci -C* -alkoxycarbonyl, e.g. ethoxycarbonyl. 
Lower alkylene represents either straight chain or branched alkylene of 1 to 7 carbon atoms and 
25 represents preferably straight chain alkylene of 1 to 4 carbon atoms, e.g. a methylene, ethylene, propylene 
or butylene chain, or said methylene, ethylene, propylene or butylene chain mono-substituted by C1-C3- 
alkyl {advantageously methyl) or disubstituted on the same or different carbon atoms by Ci-Ca-alkyI 
(advantageously methyl), the total number of carbon atoms being up to and including 7. 
Esterified carboxy! is for example lower alkoxycarbonyl or benzyloxycarbonyl. 
30 Arnidated carboxyl is for example aminocarbonyl. mono- or di-lower alkylaminocarbonyl. 

Pharmaceuticatly acceptable salts of the acidic compounds of the invention are salts formed with bases, 
namely cationic salts such as alkali and alkaline earth metal salts, such as sodium, lithium, potassium, 
calcium, magnesium, as well as ammonium salts, such as ammonium, trimethyl-ammonium. diethylam- 
monium. and tris-(hydroxymethyl)-methylammonium salts. 
35 Similarly acid addition salts, such as of mineral acids, organic carboxylic and organic sulfonic acids e.g. 
hydrochloric acid, methanesutfonic acid, maleic acid, are also possible provided a basic group, such as 
pyridyl. constitutes part of the structure. 

The compounds of the invention exhibit valuable pharmacological properties in mammals including man 
and are particularly useful as inhibitors of matrix-degrading metalloproteinase enzymes ( = metal- 
40 loproteinases). 

Matrix-degrading metalloproteinases. such as gelatinase. stromelysin and collagenase. are involved in 

tissue matrix degradation (e.g. collagen collapse) and have been implicated in many pathological conditions 

involving abnormal connective tissue and basement membrane matrix metabolism, such as arthritis (e.g. 

osteoarthritis and rheumatoid arthritis), tissue ulceration (e.g. corneal, epidermal and gastric ulceration), 
45 abnormal wound healing, periodontal disease, bone disease (e.g. Paget's disease and osteoporosis), tumor 

metastasis or invasion, as well as HIV-infection (as reported in J. Leuk. Biol. 52 (2): 244-248. 1992). 

As the compounds of the invention are inhibitors of stromelysin, gelatinase and/or collagenase activity 

and inhibit matrix degradation, they are particularly useful in mammals as agents for the treatment of e.g. 

osteoarthritis, rheumatoid arthritis, corneal ulceration, periodontal disease, tumor metastasis, progression of 
50 HIV-infection and HIV-infection related disorders. 

Illustrative of the matrix degrading metalloproteinase inhibitory activity, compounds of the invention 

prevent the degradation of cartilage caused by exogenous or endogenous stromelysin in mammals. They 

inhibit e.g. the stromelysin-induced degradation of aggrecan (large aggregating proteoglycan), link protein or 

type IX collagen in mammals. 
55 Beneficial effects are evaluated in pharmacological tests generally known in the art, and as illustrated 

herein. 

The above-cited properties are demonstrable in in vitro and in vivo tests, using advantageously 
mammals, e.g. rats, guinea pigs, dogs, rabbits, or isolated organs and tissues, as well as mammalian 

8 



8NSOOCID: <EP 0606046A1J_> 



.1 



EP 0 606 046 A1 



enzyme preparations. Said compounds can be applied in vitro in the form of solutions, e.g. preferably 
aqueous solutions, and in vivo either enterally or parenterally. advantageously orally, e.g. as a suspension 
or in aqueous solution. The dosage in vitro may range between about 10"^ molar and 10 molar 
concentrations. The dosage in vivo may range, depending on the route of administration, between about 0.1 
5 and 50 mg/kg. 

One test to determine the inhibition of stromelysin activity is based on its hydrolysis of Substance P 
using a modified procedure of Harrison et al (Harrison. R.A.. Teahan J., and Stein R.. A semicontinuous. 
high perlormance chromatography based assay for stromelysin, Anal. Biochem. 180, 110-113 (1989)). In 
this assay. Substance P is hydrolyzed by recombinant human stromelysin to generate a fragment, 

w Substance P 7-11. which can be quantitated by HPLC. In a typical assay, a 10 mM stock solution of a 
compound to be tested is diluted in the assay buffer to 50 uM, mixed 1:1 with 8 ug recombinant human 
stromelysin (mol. wt. 45-47 kDa, 2 Units; where 1 Unit produces 20 mmoles of Substance P 7-11 in 30 
minutes) and incubated along with 0.5mM Substance P in a final volume of 0.125 ml for 30 minutes at 
37 -C. The reaction is stopped by adding 10 mfVI EDTA and Substance P 7-11 is quantified on RP-8 HPLC. 

75 The ICso for inhibition of stromelysin activity and Ki are calculated from control reaction without the 
inhibitor. Typically. Ki values of from 10 to 200 nM are obtained. 

Stromelysin activity can also be determined using human aggrecan as a substrate. This assay allows 
the confirmation in-vitro that a compound can inhibit the action of stromelysin on its highly negatively- 
charged natural substrate, aggrecan (large aggregating prtoeoglycan). Within the cartilage, proteoglycan 

20 exists as an aggregate bound to hyaluronate. Human proteoglycan aggregated to hyaluronate is used as an 
enzyme substrate. The assay is set up in 96-well microtiter plates allowing rapid evaluation of compounds. 
The assay has three major steps: 

1) Plates are coated with hyaluronate (human umbilical chord, 400 ug/ml), blocked with BSA (5 mg/ml), 
and then proteoglycan (human articular cartilage Dl - chondroitinase ABC digested. 2 mg/ml) is bound to 

25 the hyaluronate. Plates are washed between each step. 

2) Buffers + inhibitor (1 to 5.000 nfVI) + recombinant human stromelysin (1-3 Units/well) are added to 
wells. The plates are sealed with tape and incubated overnight at 37 *C. The plates are then washed. 

3) A primary (3B3) antibody (mouse IgM, 1:10,000) is used to detect remaining fragments. A secondary 
antibody, peroxididase-linked anti-IgM, is bound to the primary antibody. OPD is then added as a 

30 substrate for the peroxidase and the reaction is stopped with sulfuric acid. The IC^so for inhibition of 
stromelysin activity is graphically derived and Ki is calculated. 
Collagenase activity is determined as follows: ninety six-well, flat-bottom microtiter plates are first 
coated with bovine type I collagen (35 ug/well) over a two-day period at 30-C using a humidified and then 
dry atmosphere; plates are rinsed, air dried for 3-4 hours, sealed with Saran wrap and stored in a 
35 refrigerator. Human recombinant fibroblast collagenase and a test compound (or buffer) are added to wells 
(total volume = O.l ml) and plates are incubated for 2 hours at 35-C under humidified conditions; the 
amount of collagenase used per well is that causing approximately 80% of maximal digestion of collagen. 
The incubation media are removed from the wells, which are then rinsed with buffer, followed by water. 
Goomasie blue stain is added to the wells for 25 minutes, removed, and wells are again rinsed with water. 
40 Sodium dodecyl sulfate (20% in 50% dimethylformamide in water) is added to solubilize the remaining 
stained collagen and the optical density at 570 nM wave length is measured. The decrease in optical 
density due to collagenase (from that of collagen without enzyme) is compared to the decrease in optical 
density due to the enzyme in the presence of test compound, and percent inhibition of enzyme activity is 
calculated. ICso's are determined from a range of concentrations of inhibitors (4-5 concentrations, each 
45 tested in triplicate), and Kj values are calculated. 

The effect of compounds of the invention in-vivo can be determined in rabbits. Typically, four rabbits 
are dosed orally with a compound up to four hours before being injected intra-articularly in both knees 
(N = 8) with 40 Units of recombinant human stromelysin dissolved in 20 mM Tris. 10 mM CaCb. and 0.15 M 
NaCI at pH 7.5. Two hours later the rabbits are sacrificed, synovial lavage is collected, and keratan sulfate 
50 (KB) and sulfated glycosaminoglycan (S-GAG) fragments released into the joint are quantitated. Keratan 
sulfate is measured rv an inhibition ELISA using the method of Thenar (Thonar. E.J.-M.A., Lenz, M.E,. 
Klinsworth, G.K., Gate- son, B., Pachman. LM.. Glickman, P.. Katz, R., Huff. J.. Keuttner. K.E. Quantitation of 
keratan sulfate in blood as a marker of cartilage catabolism, Arthr. Rheum. 28. 1367-1376 (1985))- Sulfated 
glycosaminoglycans are measured by first digesting the synovial lavage with streptomyces hyaluronidase 
55 and then measuring DMB dye binding using the method of Goldberg (Goldberg, R.L. and Kolibas, L. An 
improved method for determining proteoglycan synthesized by chondrocytes in culture. Connect- Tiss. Res. 
24„ 265-275 (1990)). For an i.v. study, a compound is solubilized in 1 ml of PEG-400. and for a p.o. study, 
acompound is administered in 5 ml of fortified corn starch per kilogram of body weight. 
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The compounds of formula I can be prepared e.g. by condensing a carboxylic acid of formula IV. 



R 



5 



70 




O Ry CHoO 

II I I 11 

C — C— N-S 

' !^ 

R2 O 



(IV) 



or a reactive functional derivative thereof, wherein R, Ri . R2 and Ar having meaning as defined in claim 1 . 
with hydroxylamine of formula V, 



NH2-OH (V) 

optionally in protected form, or a salt thereof; 

and, if necessary, temporarily protecting any interfering reactive group(s), and then liberating the resulting 
20 compound of the invention; and. if required or desired, converting a resulting compound of the invention 
into another compound of the invention, and/or. if desired, converting a resulting free compound into a salt 
or a resulting salt into a free compound or into another salt; and/or separating a mixture of isomers or 
racemates obtained into the single isomers or racemates; and/or. if desired, resolving a racemate into the 
optical antipodes. 

25 In starting compounds and intermediates which are converted to the compounds of the invention in a 
manner described herein, functional groups present, such as amino, carboxyl and hydroxy groups, are 
optionally protected by conventional protecting groups that are common in preparative organic chemistry. 
Protected amino, carboxyl and hydroxy groups are those that can be converted under mild conditions into 
free amino and hydroxy groups without the molecular framework being destroyed or other undesired side 

30 reactions taking place. 

The purpose of introducing protecting groups is to protect the functional groups from undesired 
reactions with reaction components under the conditions used for carrying out a desired chemical 
transformation. The need and choice of protecting groups for a particular reaction is known to those skilled 
in the art and depends on the nature of the functional group to be protected (hydroxy group, amino group. 

35 etc.). the structure and stability of the molecule of which the substituent is a part and the reaction 
conditions. 

Well-known protecting groups that meet these conditions and their introduction and removal are 
described, for example, in J.F.W. McOmie, "Protective Groups in Organic Chemistry". Plenum Press, 
London, New York. 1973. T. W. Greene. "Protective Groups in Organic Synthesis", Wiley. New York. 1991. 
40 In the processes cited herein, reactive functional derivatives of carboxylic acids represent, for example, 
anhydrides especially mixed anhydrides, acid halides. acid azides. lower alkyi esters and activated esters 
thereof. Mixed anhydrides are preferably such from pivalic acid, or a lower alkyI (ethyl, isobutyl) hemiester 
of carbonic acid; acid halides are for example chlorides or bromides; activated esters for example 
succinimido. phthalimido or 4-nitrophenyI esters; lower alkyI esters are for example the methyl or ethyl 



Also, a reactive esterified derivative of an alcohol in any of the reactions cited herein represents said 
alcohol esterified by a strong acid, especially a strong inorganic acid, such as a hydrohalic acid, especially 
hydrochloric, hydrobromic or hydroiodic acid, or sulphuric acid, or by a strong organic acid, especially a 
strong organic sulfonic acid, such as an aliphatic or aromatic sulfonic acid, for example methanesulfonic 

50 acid, 4-methylben2enesulfonic acid or 4-bromoben2enesulfonic acid. A said reactive esterified derivative is 
especially halo, for example chloro, bromo or iodo. or aliphatically or aromatically substituted sulfonyloxy. 
for example methanesulfonyloxy, 4-methylbenzenesulfonyloxy(tosyloxy). 

In the above processes for the synthesis of compounds of the invention can be carried out according to 
methodolo :v generally known in the art for the preparation of hydroxamic acids and derivatives thereof. 

55 The iiesis according to the above process (involving the condensation of a free carboxylic acid of 
formula IV .vith an optionally hydroxy protected hydroxylamine derivative of formula V can t^e carried out in 
the presence of a condensing agent, e.g. l.T-carbonyldiimidazole. or N-(dimethylaminopropyl)-N'-ethylcar- 
bodiimide or dicyclohexylcarbodiimide with or without 1 -hydroxybenzotriazole in an inert polar solvent, such 



45 esters. 
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as dimethyllormamide or dichloromethane, preferably at room temperature. 

The synthesis involving the condensation of a reactive functional derivative of an acid of formula IV as 
defined above, e.g. an acid chloride or mixed anhydride with optionally hydroxy protected hydroxylamine. 
or a salt thereof, in presence of a base such as triethylamine can be carried out. at a temperature ranging 
5 preferably from about -78 • C to + 75 • C. in an inert organic solvent such as dichloromethane or toluene. 

Protected forms of hydroxylamine (of formula V) in the above process are those wherein the hydroxy 
group Is protected for example as a t-butyl ether, a benzyl ether or tetrahydropyranyl ether. Removal of 
said protecting groups is carried out according to methods well known in the art. e.g. hydrogenolysis or acid 
hydrolysis. Hydroxylamine is preferably generated in situ from a hydroxylamine salt, such as hydroxylamine 
w hydrochloride. 

The starting carboxylic acids of formula IV can be prepared as follows: 
An amino acid of formula VI 

O Ri 
11 I 

HO-C — C — NH2 (VI) 
^2 



wherein Ri and R2 have meaning as defined' herein, is first esterified with a lower alkanol, e.g. methanol, in 
the presence of e.g. thionyl chloride to obtain an aminoester which is treated with a reactive functional 
derivative of the appropriate arylsulfonic acid of the formula VII 



25 ArSOaH (VII) 

wherein Ar has meaning as defined hereinabove, e.g. with the arylsulfonyl chloride, in the presence o\ 
suitable base such as triethylamine using a polar solvent such as tetrahydrofuran, toluene, acetonitrile 
obtain a compound of the formula VIII 

30 

O Ri O 

II I II 

R. O C C NH S Ar (VIII) 

1 II 

R9 O 



wherein Ri . R2 and Ar have meaning as defined herein and Re is a protecting group, e.g. lower alkyl. 
40 Treatment thereof with a reactive esterified derivative of the alcohol of the formula IX 



46 



so 



55 



R-CH2OH (IX) 



Wherein R has meaning as defined herein, such as the halide, e.g. the chloride, bromide or iodide derivative 
thereof, in the presence of an appropriate base, such as potassium carbonate or sodium hydride, in a polar 
solvent such as dimethylformamide. The resulting compound corresponding to an ester of a compound of 
formula IV can then be hydrolyzed to the acid of formula IV. using standard mild methods of ester 
hydrolysis, preferably under acidic conditions. For compounds of formula la (wherein R and Ri of formula I 
are combined) the starting materials are prepared by treating a carboxylic acid of formula X 



O CH2 CH2 

11 I I (X) 

HO— C C NH 

I 

R2 
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or an ester thereof, wherein R2 and X have meaning as defined above, with a reactive functional derivative 
of a compound of the formula ArSOsH (VI!) under conditions described for the preparation of a compound 
of formula VIII. 

The starting materials of formula VI. VII. IX and X are either known in the art, or can be prepared by 
5 methods well-known in the art or as described herein. 

The above-mentioned reactions are carried out according to standard methods, in the presence or 
absence of diluent, preferably such as are inert to the reagents and are solvents thereof, of catalysts, 
condensing or said other agents respectively and/or inert atmospheres, at low temperatures, room 
temperature or elevated temperatures (preferably at or near the boiling point of the solvents used), and at 
10 atmospheric or super-atmospheric pressure. The preferred solvents, catalysts and reaction conditions are 
set forth in the appended illustrative examples. 

The invention further includes any variant of the present processes, in which an intermediate product 
obtainable at any stage thereof is used as starting material and the remaining steps are carried out, or the 
process is discontinued at any stage thereof, or in which the starting materials are formed in situ under the 
15 reaction conditions, or in which the reaction components are used in the form of their salts or optically pure 
antipodes. 

Compounds of the invention and intermediates can also be converted into each other according to 
methods generally known per se. 

The invention also relates to any novel starting materials and processes for their manufacture. 
20 Depending on the choice of starting materials and methods, the new compounds may be in the form of 
one of the possible isomers or mixtures thereof, for example, as substantially pure geometric (cis or trans) 
isomers, optical isomers (antipodes), racemates, or mixtures thereof. The aforesaid possible isomers or 
mixtures thereof are within the purview of this invention. 

Any resulting mixtures of isomers can be separated on the basis of the physico-chemical differences of 
25 the constituents, into the pure geometric or optical isomers, diastereoisomers, racemates, for example by 
chromatography and.'or fractional crystallization. 

Any resulting racemates of final products or intermediates can be resolved into the optical antipodes by 
known methods, e.g. by separation of the diastereoisomeric salts thereof, obtained with an optically active 
acid or base, and liberating the optically active acidic or basic compound. The hydroxamic acids or 
30 carboxylic acid intermediates can thus be resolved into their optical antipodes e.g. by fractional crystalliza- 
tion of d- or l-(alpha-methylbenzylamine, cinchonidine, cinchonine. quinine, quinidine. ephedrine. de- 
hydroabietytamine, brucine or strychnine)-salts. 

Finally, acidic compounds of the invention are either obtained in the free form, or as a salt thereof. 
Acidic compounds of the invention may be converted into salts with pharmaceutically acceptable bases. 
35 e.g. an aqueous alkali metal hydroxide, advantageously in the presence of an ethereal or alcoholic solvent, 
such as a lower alkanol. From the solutions of the latter, the salts may be precipitated with ethers, e.g. 
diethyl ether. Resulting salts may be converted into the free compounds by treatment with acids. These or 
other salts can also be used for purification of the compounds obtained. 

In view of the close relationship between the free compounds and the compounds in the form of their 
40 salts, whenever a compound is referred to in this context, a corresponding salt is also intended, provided 
such is possible or appropriate under the circumstances. 

The compounds, including their salts, can also be obtained in the form of their hydrates, or include 
other solvents used for their crystallization. 

The pharmaceutical compositions according to the invention are those suitable for enteral, such as oral 
45 or rectal, transdermal and parenteral administration to mammals, including man, to inhibit matrix-degrading 
metalloproteinases. and for the treatment of disorders responsive thereto, comprising an effective amount of 
a pharmacologically active compound of the invention, alone or in combination, with one or more 
pharmaceutically acceptable carriers. 

The pharmacologically active compounds of the invention are useful in the manufacture of pharmaceuti- 
50 ca! compositions comprising an effective amount thereof in conjunction or admixture with excipients or 
carriers suitable for either enteral or parenteral application. Preferred are tablets and gelatin capsules 
comprising the active ingredient together with a) diluents, e.g. lactose, dextrose, sucrose, mannitol, sorbitol, 
cellulose and/or glycine; b) lubricants, e.g. silica, talcum, stearic acid, its magnesium or calcium salt and/or 
polyethyleneglycol; for tablets also c) binders e.g. magnesium aluminum silicate, starch paste, gelatin, 
55 tragacanth. methylceflulose, sodium carboxymethylcellulose and or polyvinylpyrrolidone; if desired d) 
disintegrants, e.g. starches, agar, alginic acid or its sodium salt, or effervescent mixtures; and/or e) 
absorbants. colorants, flavors and sweeteners. Injectable compositions are preferably aqueous isotonic 
solutions or suspensions, and suppositories are advantageously prepared from fatty emulsions or suspen- 
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sions. Said compositions may be sterilized and/or contain adjuvants, such as preserving, stabilizing, wetting 
or emulsifying agents, solution promoters, salts for regulating the osnnotic pressure and/or buffers. In 
addition, they may also contain other therapeutically valuable substances. Said compositions are prepared 
according to conventional mixing, granulating or coating methods, respectively, and contain about 0.1 to 75 

5 %. preferably about 1 to 50 %. of the active ingredient. 

Suitable formulations for transdermal application include an effective amount of a compound of the 
invention with carrier. Advantageous carriers include absorbable pharmacologically acceptable solvents to 
assist passage through the skin of the host. Characteristically, transdermal devices are in the form of a 
bandage comprising a backing member, a reservoir containing the compound optionally with carriers, 

10 optionally a rate controlling barrier to deliver the compound of the skin of the host at a controlled and 
predetermined rate over a prolonged period of time, and means to secure the device to the skin. 

Suitable formulations for topical application, e.g. to the skin and eyes, are preferably aqueous solutions, 
ointments, creams or gels well-known in the art. 

The pharmaceutical formulations contain an effective matrix-degrading metalloproteinase inhibiting 

15 amount of a compound of the invention as defined above either alone, or in combination with another 
therapeutic agent, e.g. an anti-inflammatory agent with cyclooxygenase inhibiting activity, each at an 
effective therapeutic dose as reported in the art. Such therapeutic agents are well-known in the art. 

Examples of antiinflammatory agents with cyclooxygenase inhibiting activity are diclofenac sodium, 
naproxen, ibuprofen, and the like. 

20 In conjunction with another active ingredient, a compound of the invention may be administered either 
simultaneously, before or after the other active ingredient, either separately by the same or different route of 
administration or together in the same pharmaceutical formulation. 

The dosage of active compound administered is dependent- on the species of warm-blooded animal 
(mammal), the body weight, age and individual condition, and on the form of administration. A unit dosage 

25 for oral administration to a mammal of about 50 to 70 kg may contain between about 25 and 250 mg of the 
active ingredient. 

The following examples are intended to illustrate the invention and are not to be construed as being 
limitations' thereon. Temperatures are given in degrees Centrigrade. If not mentioned otherwise, alt 
evaporations are performed under reduced pressure, preferably between about 15 and 100 mm Hg (= 20- 
30 1 33 mbar). The structure of final products, intermediates and starting materials is confirmed by standard 
analytical methods, e.g. microanalysis and spectroscopic characteristics (e.g. MS. IR, NMR). Abbreviations 

used are those conventional in the art. 

Example 1 : (a) N-(t-Butyloxy)-2(R)-([4-methoxybenzenesulfonyl](3-picolyl)amino]-3-methylbutanamide 

(4.1 g. 9,13 mmol) is dissolved in dichloroethane (150 mL) containing ethanol (0.53ml. 9.13 mmol) in a 

35 round bottom flask, and the reaction is cooled to -10 -C. Hydrochloric acid gas (from a lecture bottle) is 

bubbled through for 30 minutes. The reaction is sealed, allowed to slowly warm to room temperature, and 

stirred for 2 days. The solvent is reduced to 1/3 volume by evaporation and triturated with ether. The 

mixture is filtered, filter cake removed, and dried in vacuo to provide N-hydroxy-2(R)-[t4-methoxyben- 

zenesulfonyl](3-picolyl)amino]-3-methylbutanamide hydrochloride as a white solid, m.p. 1 69-1 70 'C (dec). 

40 and having the following structure; 
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The starting material is prepared as follows: 
To a solution of D-valine (15.0 128.0 mmol) in 1:1 dioxane/ water {200 nnL) containing triethylamine (19.4 
g, 192.0 mmol) at room temperature is added 4-methoxybenzenesulfonyl chloride (29.0 g, 141.0 mmol). and 
the reaction mixture is stirred at room temperature overnight. The mixture is then diluted with methylene 

5 chloride, washed with IN aqueous hydrochloric acid and water. The organic layer is washed again with 
brine, dried (Na2S04), and the solvent is evaporated to provide N-[4-methoxyben2enesulfonyl]-(D)-valine as 
a crude product. A solution of this crude product (15.0 g) in toluene (100 mL) containing N.N-dimethylfor- 
mamide di-t-butyl acetal (50 mL, 206.5 mmol) is heated to 95 'C for 3 hours. The solvent is then 
evaporated. The crude product is purified by silica gel chromatography (30% ethyl acetate/hexanes) to 

;o provide N-[4-methoxybenzenesulfonyl]-(D)-valine t-butyl ester. 

To a solution of N-[4-methoxyben2enesulfonyl]-(D)-valine t-butyl ester (4.38 g, 13.0 mmol) in dimethyl- 
formamide (200 mL) is added 3-picolyl chloride hydrochloride (2.3 g. 14.0 mmol) followed by potassium 
carbonate (17.94 g, 130.0 mmol). The reaction mixture is stirred at room temperature for 2 days. The 
mixture is then diluted with water and extracted with ethyl acetate. The combined organic extracts are 

;5 washed with brine, dried (NasSO*). and the solvent is evaporated. The crude product is purified by silica 
gel chromatography (ethyl acetate) to give t-butyl 2{R)-[N-[4-methoxyben2enesulfonyl](3-picolyl)amino]-3- 
methylbutancate. 

t-Butyl 2(R)-[[4-methoxybenzenesulfonyl](3-picoly!)amino]-3-methylbutanoate (5.3 g. 12.2 mmol) is dis- 
solved in methylene chloride (150 mL) and cooled to -10*C. Hydrochloric acid gas is bubbled into the 
20 solution for 10 minutes. The reaction mixture is then sealed, warmed to room temperature and stirred for 4 
hours. The solvent is then evaporated to provide 2(R)-[[4-methoxyben2enesulfonyl](3-picolyl)amino]-3- 
methylbutanoic acid hydrochloride. 

2(R)-[[4-methoxyben2enesulfonyl](3-picolyl)amino]-3-methylbutanoic acid hydrochloride (5.0 g. 12.06 
mmol), 1-hydroxyben2otria20le (1.63 g. 12.06 mmol), 4-methylmorpholine (6.6 mL, 60.31 mmol), and 0-t- 
25 butylhydroxylamine hydrochloride (54.55 g. 36.19 mmol) are dissolved in methylene chloride (200 mL). N- 
[Oimethylaminopropyl]-N'-ethylcarbodiimide hydrochloride (3.01 g, 15.68 mmol) is added, and the reaction 
is stirred overnight. The reaction is then diluted with water and extracted with methylene chloride. 

The combined organic extracts are washed with brine, dried (Na2S04). and the solvent is evaporated. 
The crude product is purified by silica gel chromatography (2% methanol/methylene chloride) to give N-{t- 
30 butyloxy)-2(R)-([4-methoxyben2enesulfonyl](3-picoly!)amino]-3-methylbutanamide. 

(b) L-tartaric acid salt. m.p. 114-116"C. 

(c) Methanesulfonic acid salt, m.p. 1 39-1 41 .5 'C. 

(d) Maleic acid salt. m.p. 133-134'C. 

Example 2 : The following compounds are prepared similarly to Example 1 : 
35 a) N-Hydroxy-2(S)-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-3-methylbutanamide hydrochloride, m.p. 
170.5-171 'C. by starting the synthesis with L-valine, and carrying out the subsequent steps as described 
above. 

(b) N-hydroxy-2(R)-[[4-methoxyben2enesulfonyl]{3-picolyl)amino]-4-methylpentanamide hydrochloride, 
m.p. 1 28-1 29 'C. 

40 The first two steps are carried out as described in example 1 . except the synthesis was started with 

D-teucine. The alkylation step is different, as described below. 

To a solution of t-butyl 2(R)-[[4-methoxybenzenesulfonyl]amino]-4-methylpentanoate (10.0 g. 27.92 
mmol) in dimethylformamide (250 mL) at room temperature is added 3-picolyl chloride hydrochloride 
(4.81 g, 29.32 mmol) followed by sodium hydride (2.79 g. 69.80 mmol, 60% in oil). The reaction mixture 

45 is stirred at room temperature for 48 hours. The rpixture is quenched with water and extracted with ethyl 
acetate. The combined organic extracts are washed with brine, dried (NaoSO*), and the solvent is 
evaporated. The crude product is purified by silica get chromatography (45% ethyl acetate/tiexanes) to 
provide t-butyl 2(R)-[[4-methoxyben2enesulfonyl](3-picolyl)amino]-4-methyipentanoate. 
All of the following steps are carried out as described above in example 1 . 

50 (c) N-Hydroxy-2(R)-[[4-methoxyben2enesulfonyl](6-chloropiperonyl)amino]-4-methylpentanamide, m.p. 
85-87 'C. by starting the synthesis with D-leucine and alkylating with 6-chloropiperonyl chloride ( = 6- 
chtoro-3,4-methytenedioxy-ben2ylchloride) in the third step. 

(d) N-Hydroxy-2(R)-[[4-methoxyben2enesulfonyll(piperonyl)amino]-4-methylpentanamide, m.p. 145- 
147*C. by starting the synthesis with D-leucine and alkylating with piperonyl chloride ( = 3,4- 

55 methylenedioxy-benzylchloride) in the third step. 

(e) N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl](2-picolyl)amino]-4-methytpentanamide. m.p. 89-90 ' C. 
by starting the synthesis with D-teucine and alkylating with 2-picolyl chloride in the third step. 
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(f) N-Hydroxy-2(R)-[[4-rnethoxyben2enesulfonylK2-pico!yl)amino]-3-methylbutariamide hydrochloride, 
m.p. 140-142 'C. by starting the synthesis with D-valine and alkylating with 2-picolyl chloride in the third 
step. 

(g) N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)annino]-4.4-dimethylpentanamide hydrochlo- 
ride, m.p. 1 30-1 50 'C (slow melt), by starting the synthesis with D-t-butylalanine and alkylating with 3- 
picolyl chloride in the third step. 

(h) N-Hydroxy-2{RH[4-methoxybenzenesulfonyl](3-picolyl)amino]-2-cyclohexylacetamide hydrochloride, 
m.p. 149.5-1 52.0 -C, by starting the synthesis with (D)-cyclohexylglycine hydrochloride. 

The starting amino acid is prepared as follows: 
(D)-phenylglycine {10.0 g. 66.2 mmol) is suspended in 2N hydrochloric acid (100 mL) containing 
platinum (IV) oxide hydrate (267 mg). The mixture is shaken in a Parr hydrogenation apparatus for 24 
hours under a hydrogen pressure of 50 psi. The resultant suspended crystalline material. (D)-cyclohexyl- 
glycine hydrochloride, was used without further purification. 

(i) N-Hydroxy-2(R)-[[(2,3-dihydrobenzofuran)-5-sulfonyl](3-picolyl)amino]3-methylbutanamide hydrochlo- 
ride, m.p. 150.0-1 53.0 'C, by starting the synthesis with 2,3-dihydrobenzofuran-5-sulfonyl chloride. 

The starting sulfonyl chloride is prepared as follows: 
2.3-dihydrobenzofuran (6.0 g. 49.94 mmol) is added over 20 minutes to chlorosulfonic acid (29.09 g. 
249.69 mmol) at -20' C. The reaction mixture is quenched by addition of ice followed by water (20 mL). 
The mixture is then extracted with ethyl acetate. The combined organic estracts are washed with brine, 
dried (NasSOO. and the solvent is evaporated. The crude product is purified by silica gel chromatog- 
raphy (30% ethyl acetate/hexane) to give 2.3-dihydrobenzofuran-5-sulfonyl chloride (3.3 g). 
(j) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](3-picolyl)-amino]-3-m ethylbutanamide hydrochloride, m.p. 
139.5-142 'C. by starting the synthesis with aline. 

(k) N-Hydroxy-2(R)-[[4-ethoxybenzenesulfonyl]{3-picolyl)-amino]-3-methylbutanamide hydrochloride, [a]- 
0^ = +34.35 (c = 5.84. CHaOH). 

(I) N-Hydroxy-2{R)-[[4-methoxybenzenesulfonyl](2-pico!yl)amino]-2-cyclohexytacetamide hydrochloride, 
m.p. 127-140- . by starting the syntheses with {D)-cyclohexylglycine hydrochloride, and carrying out the 
subsequent steps as described above. 

(m) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](2-methylthia2ol-4-yimethyl)amino]-2-cyclohexylacetamide 
hydrochloride, m.p. 1 37-1 39 'C. using 4-ch!oromethyl-2-methylthiazole in the alkylation step, 
(n) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](2-quinolinylmethyl)amino]-2-cyclohexylacetamide hydro- 
chloride, m.p. 121-123 -C. using 2-chloromethylquinoline hydrochloride in the alkylation step. 
Example 3 : 2(R)-[[4-Methoxybenzenesulfonyil(benzyl)aminoH-methytpentanoic acid (4.38 g. 11-2 
mmol) is dissolved in methylene chloride (56.0 mL). To this solution is added oxalyl chloride (1.95 mL, 22.4 
mmol) and dimethylformamide (0.86 mL, 11. 2 mmol), and the reaction is stirred at room temperature for 90 
minutes. Meanwhile, in a separate flask, hydroxylamine hydrochloride (3.11 g. 44.8 mmol) and triethylamine 
(9.36 mL. 67.1 mmol) are stirred in tetrahydrofuran ^50.0 mL) and water (3.5 mL) at 0*C for 15 minutes. 
After 90 minutes, the methylene chloride solution is added in one portion to the second flask, and the 
combined contents are stirred for three days as the flask gradually warms up to room temperature. The 
reaction is then diluted with acidic water (pH=-3). and extracted several times with ethyl acetate. The 
combined organic layers are dried (NaaSO*), and the solvent is evaporated. The product is purified by silica 
gel chromatography (1% methanol/methylene chloride) to give N-hydroxy-2(R)-[[4-methoxyben2enesul- 
fonyl](benzyl)am.inoH-methylpentanamide, m.p. 48-52 'C. 

The starting material is prepared as follows: 
(O)-leucine (7.1 g. 53.9 mmol) is dissolved in dioxane (60,0 mL) and water (60.0 mL). To this solution is 
added triethylamine (11.3 mL. 80.9 mmol) and 4-methoxyben2enesulfonyl chloride (12.25 g. 59.3 mmol). 
and the reaction is stirred at room temperature overnight. The reaction is then diluted with methylene 
chloride and washed successively with 2.5N hydrochloric acid, water, and brine. The organic phase is dried 
(NazSOi). and the solvent is evaporated to give N-[4-methoxybenzenesulfonyl]-(D)-leucine. which is used 
without further purification. 

N-[4-methoxybenzenesulfonyl]-(D)-leucine (14.0 g, 46.5 mmol) is dissolved in toluene (100.0 mL). and 
heated to 90 -C. N.N-Dimethylformamide di-t-butyl acetal (45.0 mL, 186.0 mmol) is added dropwise over 20 
minutes, and then the reaction is kept at 90'C for another 2 hours. Atter cooling back down, the reaction is 
diluted with ethyl acetate and washed successively with saturated sodium bicarbonate, water, and brine. 
The organic phase is dried (Na2S0O, and the solvent is evaporated. The product is purified by silica gel 
chromatography (20% ethyl acetate hexane) to give N-[4-methoxyben2enesulfonyl]-(D)-leucine t-butyl 
ester. 
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To a suspension of sodium hydride (0.68 g, 14.1 mmol) in dimethylformamide (60.0 mL), is added N-[4- 
nnethoxybenzenesulfonylHD)-leucine t-butyl ester (5.02 g. 14.06 mnnoi) in dinnethylfornnamide (10.0 nnL). 
After stirring at room temperature for 20 minutes, benzyl bromide (1.67 mL. 14.06 mmol) is added, and the 
reaction is stirred overnight at room temperature. The reaction is then partitioned between ethyl acetate and 
5 acidic water (pH = 5). the organic layer is dried (Na2S04), and the solvent is evaporated. The product is 
purified by silica gel chromatography (10% ethyl acetate/hexane) to give t-butyl 2(R)-[[4-methoxyben- 
2enesulfonyl](benzyl)amino]-4-methylpentanoate. 

t-Butyl 2(RH[4-methoxybenzenesulfonyl)(benzyl)amlno]-4-methylpentan oate (5.38 g, 12.02 mmol) is 
dissolved in methylene chloride (100.0 mL). Hydrochloric acid gas (from a lecture bottle) is bubbled through 
70 the solution for 20 minutes. The reaction is sealed and stirred overnight at room temperature. The solvent is 
then evaporated to give 2(R)-[[4-methoxybenzenesulfonyl](ben2yl)amino]-4-methytpentanoic acid. 
Example 4: The following compounds are prepared similarly to example 3: 

(a) N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl](ben2yl)amino]-2-phenylacetamide. m.p. 128-129 *C, by 
starting the synthesis with (D)-phenylglycine, and carrying out the subsequent steps as described in 

;5 example 3. 

(b) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](benzyl)amino]-2-t-butylacetamide, m.p. 69-73 'C. by start- 
ing the synthesis with t-butylg!yctne, and ca* , ing out the subsequent steps as described in example 3. 

(c) N-Hydroxy-2(R)-[[4-methoxyben2enesuL. .yl](4-ftuoroben2yl)amino]-4-methytpentanamide. m.p. 48- 
51 'C. by starting the synthesis with (D)-leucine, and carrying out the subsequent steps as described in 

20 example 3, with the exception that 4-fluorobenzyl bromide is used in place of benzyl bromide. 

(d) N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl]{ben2yl)amino]-3-methylbutanamide, m.p. 179-180 ' C. 
by starting the synthesis with (D)-valine. and carrying out the subsequent steps as described in example 
3. 

(e) N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-4,4-dimethylpentanamide, by starting the 
25 synthesis with (D)-neopentylglycine, and carrying out the subsequent steps as described in example 3. 

(f) N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl(benzyl)amino]-3-hydroxypropanamide. m.p. 65'. by 
starting the synthesis with (D)-serine, and carrying out the subsequent steps as described in example 3. 

Example 5 : 3-[4-fy/lethoxyben2enesulfonyl]-5.5-dimethylthiazolidine-4(S)-carboxylic acid (2.0 g, 6.0 
mmol) is dissolved in methylene chloride (30.0 mL). To this solution is added oxalyl chloride (1.1 mL, 12.1 
30 mmol) and dimethylformamide (0.50 mL, 6.0 mmol). and the reaction is stirred at room temperature for 2 
hours. IVIeanwhile, in a separate flask, hydroxylamine hydrochloride (1.74 g, 25.0 mmol) and triethylamine 
(5.0 mL, 36.0 mmol) are stirred in tetrahydrofuran (25.0 mL) and water (2.0 mL) at 0*C for 15 minutes. After 
2 hours, the methylene chloride solution is added in one portion to the second flask, and the combined 
contents are stirred overnight as the flask gradually warms up to room temperature. The reaction is then 
35 diluted with acidic water (pH = -3). and extracted several times with ethyl acetate. The combined organic 
layers are dried (NasSO*). and the solvent is evaporated. The product is purified by silica gel chromatog- 
raphy (60% ethyl acetate/hexane) to give N-hydroxy-3-[4-methoxyben2enesulfonyl>5.5-dimethylthia2olidine- 
4(S)-carboxamide. m.p. 68-71 'C. 

The starting material is prepared as follows: 
40 (D)-5,5-Dimethylthiazolidine-4-carboxylic acid (1.0 g, 6.2 mmol) is dissolved in dioxane (10.0 mL) and water 
(10.0 mL). To this solution is added triethylamine (1.3 mL, 9.3 mmol) and 4-methoxybenzenesulfonyl 
chloride (1.41 g. 6.82 mmol), and the reaction is stirred at room temperature for three days. The reaction is 
then diluted with ethyl acetate and washed successively with 2.5N hydrochloric acid, water, and brine. The 
organic phase is dried (Na2S04). and the solvent is evaporated to give 3-[4-methoxybenzenesulfonyll-5.5- 
45 dimethylthia2olidine-4(S)-carboxylic acid, which is used without further purification. 

Example 6 : 1-[4-IVlethoxybenzenesulfonyl]-pyrrolidine-2(R)-carboxylic acid (1.12 g, 3.93 mmol) is dis- 
solved in methylene chloride (40.0 mL). To this solution is added oxalyl chloride (0,69 mL. 7.85 mmol) and 
dimethylformamide (0.30 mL. 3.93 mmol). and the reaction is stirred at room temperature for 30 minutes. 
Meanwhile, in a separate flask, hydroxylamine hydrochloride (1.1 g. 15.7 mmol) and triethylamine (3.3 mL, 
50 23.5 mmol) are stirred in tetrahydrofuran (20.0 mL) and water (4.0 mL) at 0"C for 15 minutes. After 30 
minutes, the methylene chloride solution is added in one portion to the second flask, and the combined 
contents are stirred overnight as the flask gradually warms up to room temperature. The reaction is then 
diluted with acidic water (pH = -3). and extracted several times with ethyl acetate. The combined organic 
layers are dried (MgSO*). and the solvent is evaporated. The product is purified by silica gel chromatog- 
55 raphy (50% ethyl acetate/hexane) to give N-hydroxy-1-[4-methoxybenzenesulfonyl]-pyrrolidine-2(S)-carbox- 
amide, m.p. 163.5-165.5 'C. 

The starting material is prepared as follows: 
(D)-proline (0.78g, 6.77 mmol) is suspended in methylene chloride (25.0 mL). To this solution is added 
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triethylamine (1.13 mL, 8.12 mmol) and 4-methoxybenzenesulfonyl chloride (1.4 g, 6.77 mmol), and the 
reaction is stirred at room temperature for two days. The reaction is then diluted with methylene chloride 
and washed successively with IN hydrochloric acid, water, and brine. The organic phase is dried (MgSO*). 
and the solvent is evaporated. The product is purified by silica gel chromatography (10% methanol/ethyl 

5 acetate) to give 1 -[4-methoxyben2enesulfonyl]-pyrrolidine-2(R)-carboxylic acid. 

Example 7 : N-{t-Butyloxy)-2-[[4-methoxyben2enesulfonyl](ben2yl)amino]-2-[2-(4-morpholino)ethyl]- 
acetamide (2.65 g. 5.1 mmol) is dissolved in methylene chloride (30.0 mL) and ethanol (1.0 mL) in a glass 
sealed tube, and the reaction is cooled to 0 • C. Hydrochloric acid gas (from a lecture bottle) is bubbled 
through the solution for 20 minutes, and then the tube is sealed and kept at room temperature for 3 days. 

10 After that time, the solvent is removed, and the reaction is partitioned between ethyl acetate and saturated 
sodium bicarbonate. The organic phase is dried (Na2S0*). and the solvent is evaporated. The product is 
purified by silica gel chromatography (2% methanol/methylene chloride) to give N-hydroxy-2-[[4-methox- 
ybenzenesulfonyl](ben2y!)amino]-2-[2-(4-morpholino)ethyl]acetamide m.p. 56-60 ' C. 
The starting material is prepared as follows: 

15 N-(2-chloroethyl)morphoiine hydrochloride (12.0 g) is dissolved in water (200 mL) and made basic with 
ammonium hydroxide (100.0 mL) to a pH = ~11. The aqueous layer is then extracted several times with 
ether, the combined organic layers are dried (Naz-SOO. and the solvent is evaporated to yield an oil which is 
used immediately. 

Diethyl acetamidomalonate (11.4 g. 57.08 mmol) is added to a freshly prepared solution of sodium 
20 ethoxide in ethanol (made from Na (1.32 g, 57.1 mmol) added to ethanol (34.0 mL)). and the reaction is 
refluxed for 30 minutes. The reaction is then adjusted to 55' C, and potassium iodide (0.14 g. 0.8 mmol) 
and dimethylformamide (0.2 mL) are added. Finally, the N-(2-chloroethyl)morpholine (8.9 g. 59.6 mmol) 
prepared above is added in ethanol (14.0 mL). and the reaction is maintained at 55 * C for 24 hours. 

The reaction is diluted with ethyl acetate and filtered through Celite to remove salts. The filtrate is 
25 evaporated, and then partitioned between ethyl acetate and brine. The organic layer is dried (Na2S00. and 
the solvent is evaporated. The product is purified by silica gel chromatography (first 50% ethyl/acetate, then 
5% methanol/methylene chloride) to give diethyl [2-(4-morpholino)ethyl]acetamidomalonate. 

Diethyl [2-(4-morpholino)ethyl]acetamidomalonate (8.0 g. 25.6 mmol) is dissolved in ethanol (128.0 mL). 
Sodium hydroxide (4.55 mL of a 6N aqueous solution, 27.35 mmol) is added, and the reaction is stirred at 
30 room temperature for 24 hours. The ethanol is then evaporated, and the residue is diluted up in water, 
washed several times with ether, and then the aqueous phase is acidified with concentrated hydrochloric 
acid to pH = ~5. The solution is evaporated to dryness, then suspended in toluene (300.0 mL) and refluxed 
for 3 hours. After cooling to room temperature, the reaction is diluted with chloroform (300.0 mL), and the 
mixture is filtered through Celite. The filtrate is evaporated to give ethyl 2-(acetamido)-2-(2-(4-morpholino)- 

35 ethyl]acetate. . 

Ethyl 2-(acetamido)-2-[2-(4-morpholino)ethyl]acetate (4.2 g. 16.28 mmol) is dissolved m 6N hydrochloric 
acid (100.0 mL). and the reaction is refluxed for 4.5 hours. The water is then evaporated, and the product is 
azeotroped dry using toluene to give 2-amino-2-[2-(4-morpholino)ethyl]acetic acid dthydrochloride. 

2-Amino-2-[2-(4-morpholino)ethyl]acetic acid dihydrochloride (4.0 g, 15.33 mmol) is dissolved in a 
40 solution of methanol (lOO.O mL) and acetyl chloride (5.0 mL), and the reaction is refluxed for 24 hours. The 
solvent is then evaporated to give methyl 2-amino-2-[2-(4-naorpholino)oihyl]acetate dihydrochloride. 

Methyl 2-amino-2-(2-(4-morpholino)ethyIlacetate dihydrochloride (6.0 g. 21.82 mmol) is dissolved in 
chloroform (110.0 mL) and triethylamine (9.12 mL. 65.46 mmol). To this solution is added 4-methoxyben- 
zenesulfonyl chloride (4.51 g. 21.82 mmol), and the reaction is refluxed for 4 hours. After cooling, the 
45 reaction is diluted with more chloroform, washed with saturated sodium bicarbonate, the organic layer is 
dried (NaaSO.). and the solvent is evaporated to give methyl 2-(4-methoxybenzenesulfonyl)amino-2-(2-(4r 
morpholino)ethyl]acetate. 

To a suspension of sodium hydride (1.03 g. 21.5 mmol) in dimethylformamide (108.0 mL). is added 
methyl 2-(4-methoxybenzenesulfonyl)amino-2-(2-(4-morpholino)ethyl]ac state (8.0 g, 21.5 mmol) m 

so dimethylformamide (10.0 mL). After stirring at room temperature for 30 minutes, benzyl bromide (2.56 mL. 
21.5 mmol) is added, and the reaction is stirred overnight at room temperature. The reaction is then 
partitioned between ethyl acetate and acidic water (pH = -5), the organic layer is dried (Na2S04). and the 
solvent is evaporated. The product is purified by silica gel chromatography (3% methanol/methylene 
chloride) to give methyl 2-([4-methoxybenzenesulfonyl](ben2yl)amino]-2-[2-(4-morpholino)ethyl]acetate. 

55 Methyl 2-[[4-methoxybenzenesulfonyll(benzyl)amino]-2-[2-(4-morpholin o)ethyl]acetate (7.33 g, 15.86 
mmol) is dissolved in methanol (80.0 mL). To this solution is added sodium hydroxide (17.5 mL of a IN 
aqueous solution, 17.5 mmol). and the reaction is stirred at room temperature for 8 hours. The reaction is 
then acidified to pH = -3 using 2.5N hydrochloric acid, and then the solvent is evaporated. The residue is 
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suspended in ethanol, the inorganic salts are filtered away, and the filtrate is evaporated to give 2-[[4- 
nnethoxybenzenesulfonyl]{ben2yl)annino]-2-[2-(4-morpholino)ethyl]acetic acid hydrochloride. 

2-[[4-Methoxybenzenesulfonyl]{benzyl)amino]-2-[2-(4-morpholino)ethyl]acetic acid hydrochloride (4.24 g, 
875 mmol). 1 -hydroxybenzotriazole (1.34 g. 8.75 mnnol), 4-nnethylmorpholine (3.85 mL. 35.02 mmol), and 
5 O-t-butylhydroxylamine hydrochloride (1.10 g, 8.75 nnmol) are dissolved in methylene chloride (44,0 mL), 
and the reaction is cooled to 0"C. To this solution is added N-(dimethylaminopropyl]-N'-ethylcarbodiimide 
hydrochloride (3.35 g, 17.5 mmol), and the reaction is allowed to warm up to room temperature and stir 
overnight. The reaction is diluted with more methylene chloride, and the organic layer is washed with 
saturated sodium bicarbonate, brine, dried (MgSO*), and the solvent is evaporated. The product is purified 
w by silica gel chromatography (2% methanol'methylene chloride) to give N-(t-butyloxy)-2-[[4-methoxyben- 
zenesuifonyl](benzyl)amino]-2-[2-(4-morpholino)ethyl]acetamide. 

Example 8 : The following compounds are prepared similarly to example 7; 
(a) N-Hydroxy-2-[[4-methoxybenzenesulfonyt](isobutyl)amino]-2-[2-(4-morpholino)ethyl]acetamide, m.p. 
62-64 *C, using isobutyl bromide in the alkylation step in place of benzyl bromide. 
;5 (b) N-Hydroxy-2-[[4-methoxyben2enesulfonyl](2-picolyl)amino]-2-[2-(4-morpholino)ethyl]acetamide 
dihydrochloride. m.p. 1 95-1 97 'C, using 2-picolyl chloride in the alkylation step in place of benzyl 
bromide. 

(c) N-Hydroxy-2-([4-methoxybenzenesulfonyl](3-picolyl)amino]-2-[2-(4-morpholino)ethyl]acetamide 
dihydrochloride, m.p. >210*C, using 3-ptcolyl chloride in the alkylation step in place of benzyl bromide. 
20 (d) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](2-methylthiazol-4-ylmethyl)amino]-2-[2-(4-morpholino)- 
ethy!]acetamide dihydrochloride. m.p. 180'C. using 4-chloromethyl-2-methylthia20le in the alkylation 
step in place of benzyl bromide. 

(e) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](benzyl)amino]-2-[2-(4-thiomorpholino)ethyl]acetamide, m.p. 
50-52 'C, by starting the synthesis with N-(2-chloroethyl)thiomorpholine,and carrying out the subsequent 

25 Steps as described in example 7. 

(f) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](benzyl)amino]-2-[2-methylthiazol-4-ylmethyl]acetamide m.p. 
79-81 • C. by starting the synthesis with 4-chloromethyl-2-methylthia2ole hydrochloride, and carrying out 
the subsequent steps as described in example 7, 

(g) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](benzyl)amino]-2-[6-chloropiperonyl]acetamide, m.p. 70- 
30 74 • C, by starting the synthesis with 6-chloropiperonyl chloride, and carrying out the subsequent steps 

as described in example 7. 

(h) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](benzyl)amino]-2-[(1-pyrazolyl)methyl]acetamide, m.p. 130- 
131 'C. by starting the synthesis with ^-pyrazol-1-yl-alanine (prepared following the procedure of J. Am. 
Chem. Soc. 110. p. 2237 (1988)), and carrying out the subsequent steps as described in example 7. 

35 (i) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-2-[3-picolyl]acetamide dihydrochloride. 
m.p. >220*C, by starting the synthesis with 3-picolyl chloride, and carrying out the subsequent steps as 
described in example 7, but in addition, using 3-picolyt chloride in the alkylation step in place of benzyl 
L -omide in example 7. 

G) N-Hydroxy-2-[t4-methoxybenzenesulfonyl](benzyl)amino]-2-[(1-methyl-4-imidazotyI)methyl]acetamide 
40 hydrochloride, m.p. >200'C. by starling the synthesis with N-r-methylhistidine dihydrochloride (prepared 
following the procedure of Recueil, 97. p.293 (1978)). and carrying out the subsequent steps as 
described in example 7. 

(k) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](isobutyl)amino]-2-[(1-methyl-4-imidazolyl)methyl]acetamide 
hydrochloride, m.p. 194-195 'C, by starting the synthesis with N-r-methylhistidine dihydrochloride and 
45 carrying out the subsequent steps as described in example 7, using isobutyl iodide in the alkylation step 
in place of benzyl bromide, 

(I) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-2-[(1-methyl-4-imidazotyl)methyl]acetamide 
hydrochloride, m.p. >220*C, by starting the synthesis with N-r-methylhistidine dihydrochloride and 
carrying out the subsequent steps as described in example 7, using 3-picolyl chloride in the alkylation 

50 step in place of benzyl bromide. 

(m) N-Hydroxy-2-{[4-methoxybenzenesulfonyl](2-picolyl)amino]-2-[(1-methyl-4-imidazolyl)methyl]- 
acetamide hydrochloride, m.p. 162-164 'C. by starting the synthesis with N-r-methylhistidine dihydroch- 
loride and carrying out the subsequent steps as described in example 7, using 2-picolyl chloride in the 
alkylation step in place of benzyl bromide. 

55 (n) N-hydroxy-2-[[4-methoxybenzenesulfonyl](2-methylthia20l-4-ylmethyl)amino]-2-[(1-methyl-4-im- 
ida20lyl)methyl]acetamide hydrochloride, m.p. 160-163 'C. by starting the synthesis with N-r-methyl- 
histidine dihydrochloride and carrying out the subsequent steps as described in example 7, using 4- 
chloromethyl-2-methylthiazole in the alkylation step in place of benzyl bromide. 
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(0) N-hydroxy-2-[[4-methoxybenzenesulfonyi](piperonyl)amino>2-[(1-methyl-4-imida20lyl)methyl]- 
acetamide hydrochloride, m.p. 195-C, by starting the synthesis with N-r-methylhistidine dihydrochloride 
and carrying out the subsequent steps as described in exannple 7. using piperonyl chloride in the 
alkylation step in place of benzyl bronnide. 
Example 9: (a) Methyl 2-([4-methoxyben2enesulfonyl](benzyl)annino]propionate (2.1 g. 6.01 mmol) is 
dissolved in methanol (20.0 mL). To this solution is added hydroxylamine hydrochloride (0.84 g, 12.0 
mmol). followed by the addition of sodium methoxide (7.0 mL of a 4.37M solution). The reaction is stirred 
overnight at room temperature. The reaction is worked up by first removing all the solvent, and partitioning 
between ethyl acetate/hexane (2/1) and saturated sodium bicarbonate. The aqueous phase is extracted well 
with ethyl acetate/hexane. the combined organic layers are dried (MgSOd). and the solvent is evaporated. 
The product is purified by silica gel chromatography (ethyl acetate) to give N-hydroxy-2-[[4-methoxyben- 
zenesulfonyl](b6nzyl)amino]propionamide, m.p. 149-151 'C. 

The starting material is prepared as follows: 
D,L-Alanine (27.0 g. 300.0 mmol) is dissolved in a solution of methanol (100.0 mL) saturated with HCl gas. 
and the reaction is refluxed for 2 hours. The solvent is then evaporated, and the residue triturated with ethyl 
acetate to give alanine methyl ester hydrochloride. 

Alanine methyl ester hydrochloride (7.0 g, 50.0 mmol) is dissolved in methylene chloride (100.0 mL) 
and triethylamine (20.0 mU 143.0 mmol). To this solution is added 4-methoxybenzenesulfonyl chloride (10.3 
g, 50.0 mmol). and the reaction is stirred at room temperature briefly. The reaction is made basic with IN 
sodium hydroxide, and washed with methylene chloride. The combined organic layers are dried (Na2S04). 
and the solvent is evaporated. Hexane is added to the residue and the precipitate is collected to give N-[4- 
methoxybenzenesulfonyl]-aIanine methyl ester. 

To a suspension of sodium hydride (0.60 g, 11.0 mmol) in dimethylformamide (20.0 mL). is added N-(4- 
methoxybenzenesulfonyll-alanine methyl ester (2.6 g, 10.0 mmol) in dimethylformamide (10.0 mL). After 
stirring at room temperature for 30 minutes, benzyl bromide (1.22 mL, 10.0 mmol) is added, and the 
reaction is stirred for two hours at room temperature. The reaction is then partitioned between ether and 
brine the organic layer is dried (Na2S0.). and the solvent is evaporated. The product is purified by silica 
gel chromatography (20% ether/hexanes) to give methyl 2-[[4-methoxybenzenesulfonyl](benzyl)amino]- 

propionoate. • , ^ *u- i 

(b) Similarly prepared is N-hydroxy-2-[[4-methoxybenzenesulfonyl](benzyl)ammo]-4-thiomethyl- 

butyramide. m.p. 104-106'C. by starting the synthesis with D.L-methionine. and carrying out the 

subsequent steps as described above. 
Example 10 : A solution of methyl 2-[[4-methoxyben2enesulfonyl](benzyl)amino]-4-(methylsulfonyl)- 
butyrate (900 mg. 2.0 mmol). sodium methoxide previously generated from sodium metal spheres (100.0 
mg 4 5 mmol). and hydroxylamine hydrochloride (280.0 mg. 4.0 mmol) is refluxed for 2 days. The mixture 
is cooled to room temperature, concentrated in vacuo, diluted with water, acidified with citnc acid, and 
extracted with ethyl acetate. The combined organic extracts are dried (f^/IgSO*) and and the solvent is 
evaporated. The product is purified by silica gel chromatography (ethyl acetate) to give N-hydroxy-2-[[4- 
methoxybenzenesulfonylKbenzyl)amino]-4-(methylsulfonyl)butyramide. [M + 1] = 157. 

The starting material is prepared as follows: 
To a solution of racemic methionine methyl ester (1.98 g, 10.0 mmol) in methylene chlonde (25 nnL) 
containing triethylamine (2.0 mL. 14.3 mmol) is added 4-methoxybenzenesulfonyl chlonde (2.1 g ia2 
mmol) After stirring for 2 hours at room temperature, the mixture is diluted with 1 N hydrochloric acid. The 
organic layer is removed and the aqueous layer is extracted with ether. The combined organic layers are 
washed with brine, dried (MgSOO. and and the solvent is evaporated. The concentrated solution is triturated 
with ether, and the product is collected by filtration to give methyl 2-U4.methoxybenzenesulfonyt]arT'-.o]-4- 
(thiomethyt)butyrate. 

To a solution - methyl 2-[[4-methoxybenzenesulfonyl]amino]-4.(thiomethyt)butyrate (2.1 g. 6.2 o.) m 
dimethylformami - .5 mL) containing potassium carbonate (4.0 g. 29.0 mmol) is added benzyl bromide 
(1 5 mL 12 6 n oi). The reaction mixture is stirred for 1 hour at room temperature. The mixture is 
quenched with v.aier and extracted with ether. The organic extracts are washed with brine, dried (MgSO*). 
and and the solvent is evaporated. The product is purified by silica gel chromatography (30% ethyl 
acetate/hexanes) to give methyl 2-[[4.methoxybenzenesuIfonyt](benzyl)aminol-4-(thiomethyl)butyrate. 

A solution of methyl 2-([4.methoxybenzenesulfonyl](benzyl) aminoH-(thiomethyl)butyrate (925.0 mg, 
2 17 mmol) in 25% peracetic acid (5 mL) is stirred overnight at room temperature. The mixture is 
concentrated in vacuo, diluted with water, and extracted with ethyl acetate. The combined organic extracts 
are dried (MgSOO and the solvent is evaporated to give methyl 2-([4-methoxybenzenesulfonyll(benzyl)- 
amino]-4-(methylsulfonyl)butyrate. 
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Example 11 : (a) To a solution of 2R-[[(4-methoxybenzene)su!fonyl](ben2yl)amino]-propionic acid (1.04 g, 
2.98 mmol) in methylene chloride (50 mL) containing dimethylformamide (230 mL, 2.98 mmol) at room 
temperature is added oxaly! chloride (520 mL, 5.96 mmol) over 5 minutes dropwise. The mixture is stirred 
for 30 minutes at room temperature, then added to a pre-formed mixture of hydroxylamine hydrochloride 
5 (828 mg. 11.92 mmol) and triethylamine (2.5 mL. 17.9 mmol) in tetrohydrofuran (20 mL)/water (1.5 mL) at 
O'C. The reaction mixture is stirred for 45 minutes at 0*C then slowly warmed to room temperature for 
15.5 hours. The mixture is acidified with IN hydrochloric acid and extracted with methylene chloride. The 
combined organic extracts are washed with brine, dried (MgS04), and the solvent is evaporated. The crude 
product is recrystallized from diethyl ether/ethyl acetate (1:1) to give N-hvdroxy-2(R)-[[4-methoxyben- 
10 zenesutfonyl](benzyl)amino]-propionamide. m.p. 1 27-1 29 'C. 
The starting material is prepared as follows: 
To a solution of D-alanine methyl ester hydrochloride (3.0 g, 21.5 mmol) in methanol (10 mL) is added 
benzaldehyde (2.3 mL. 22.6 mmol). The reaction mixture is stirred at room temperature for 3 hours. The 
solvent is then evaporated. To the resultant residue is added acetic acid (15 mL) and methanol (1 mL) 
15 followed by portionwise addition of sodium cyanoborohydride (1.35 g, 21.5 mmol) at room temperature. The 
mixture is stirred overnight, and then the solvent is evaporated. The remaining residue is diluted with water 
(75 mL) and basified with Na2C03. The mixture is extracted with ethyl acetate (3x75 mL). The combined 
organic extracts are washed with brine (50 mL), dried (NazSO*), and the solvent is evaporated to give N- 
benzyl-D-alanine methyl ester. 
20 To a solution of N-benzyl-D-alanine methyl ester (-2 g) in methylene chloride (40 mL) containing 
triethylamine (2.47 mL, 17.7 mmol) is added 4-methoxybenzenesuIfonyl chloride (2.44 g, 11.8 mmol). The 
reaction mixture is stirred overnight at room temperature. The mixture is acidified with IN HCI and extracted 
with methylene chloride. The combined organic extracts are washed with brine, dried (NasSO*), and the 
solvent is evaporated. The crude product is purified by silica gel chromatography (10%->20% ethyl 
25 acetate/hexanes) to provide methyl 2(R)-[[4-methoxybenzenesulfonyl](ben2yl)amino] propionate. 

To a solution of methyl 2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino] propionate (1.05 g. 2.89 mmol) 
in tetrahydrofuran (60 mL) at room temperature is added IN aqueous sodium hydroxide (8.6 mL, 8.67 
mmol). The reaction mixture is stirred for 19 hours at room temperature. The tetrahydrofuran is then 
evaporated. The remaining residue is acidified with IN hydrochloric acid and extracted with ethyl acetate. 
30 The combined organic extracts are washed with brine, dried (Na2S04), and the solvent is evaporated to 
give 2(R)-[t4-methoxybenzenesulfonyl](benzyl)amino] propionic acid. 

(b) Similarly prepared is N-hydroxy-2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-2-benzylacetamide, 
[M + 1] = 441. by starting with (R)-phenylalanine. and carrying out the previously described steps. 
Example 12 : (a) To a solution of N-(t-butyloxy)-2(R)-[[4-methoxybenzenesulfonyl(benzyl)amino]-6-(N,N- 
35 dimethylamino)-hexamide (2.13 g, 4.21 mmol) in 1 .2-dichloroethane (140 mL) is added ethanol (250 mL, 
4.21 mmol). The solution is cooled to -10 'C and hydrogen chloride gas is bubbled in for 30 minutes. The 
reaction mixture is then sealed and allowed to warm to room temperature, stirring for 2 days. At this time 
point, the reaction mixture is cooled to -10' C and hydrogen chloride gas is bubbled in for an additional 30 
minutes. The reaction mixture is sealed, warmed to room temperature, and stirred for 24 hours. The mixture 
40 is reduced in volume by 1/2 in vacuo and triturated with ether. The mother liquid is removed and the 
remaining white solid is dried in vacuo to provide N-hydroxy-2(R)-[[4-methoxybenzenesulfonyl](benzyl)- 
amino]-6-(N,N-dimethylamino)-hexanamide hydrochloride salt, m.p. 175-177 'C. 

The starting material is prepared as follows: 
To a solution of <-N-CBZ-(R)-tysine methylester hydrochloride (15.0 g, 45.10 mmol) in methylene chloride 
45 (250 mL) containing triethylamine (15.72 mL, 112.75 mmol) is added 4- methoxybenzenesulfonyl chloride 
(10.25 g, 49.61 mmol) at O'C. The reaction mixture is warmed to room temperature and stirred overnight. 
The reaction mixture is diluted with methylene chloride and washed with 1 N hydrochloric acid. The organic 
layer is washed with brine, dried (Na^SO*). and concentrated in vacuo to yield a yellow oil. The product is 
purified by sili : :iel chromatography (50% ethyl acetate/hexanes) to give methyl 2(R)-[[4-methoxyben- 
50 2enesutfonyl]ap .•J-6-(N-benzylcarbamoyl) hexanoate. 

. To a solution of methyl 2(R)-([4-methoxyben2enesulfonyl]amino]-6-(N-benzylcarbamoyl) hexanoate (12.4 
g, 26.5 mmol) in dimethylformamide (100 mL) is added potassium carbonate (7.5 g, 52 mmol) and benzyl 
bromide (3.3 mL. 28.0 mmol). and the reaction is stirred for 24 hours at room temperature. The mixture is 
partitioned between water and 50% diethyl ether/ethyl acetate. The aqueous layer is removed and extracted 
55 with 50% diethyl ether-ethyl acetate. The combined organic layers are washed with brine, dried (MgSO*) 
and the solvent is evaporated. The crude product is purified by silica gel chromatography (50% ethyl 
acetate/hexanes) to give methyl 2(R)-[[4-methoxybenzenesulfonyl](ben2yl)amino]-6-(N-ben2ylcarbamoyl) 
hexanoate. 
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To a solution of methyl 2(R)-[[4-nnethoxybenzenesulfonyl](benzyl)annino]-6-(benzy!carbannoyl) hexanoate 
(8.61 g. 15.53 mmol) in 95% ethanol (150 mL) is added IN hydrochloric acid (15.5 nnL. 15.53 mnaol) 
followed by 10% Pd/C (4.0 g). The reaction nnixture is stirred at roooi tennperature under 1 atmosphere of 
hydrogen gas for 2 hours. The mixture is filtered through Celite and the solvent is evaporated to provide 
5 methyl 2(R)-[[4-methoxyben2enesulfonyl](benzyl)amino]-6-aminohexanoate. 

To a solution of methyl 2(RH[4-methoxybenzenesulfonyl](benzyl)amino]-6-aminohexanoate (5.05 g. 
12.02 mmol) in refluxing formic acid (120 mL) containing sodium formate (2.45 g, 36.07 mmol) is added 
37% aqueous formaldehyde (2.70 mL, 36.07 mmol). While continuing to reflux the reaction mixture, three 
more aliquots of 37% aqueous formaldehyde (2.70 mL, 36.07 mmol each aliquot) are added at 10 minute 
10 intervals. The mixture is concentrated in vacuo to yield a yellow oil. The crude product is purified by silica 
gel chromatography (10:1:0.5; ethylacetate/methanot/ammonium hydroxide) to provide methyl 2(R)-[[4- 
methoxybenzenesulfonyl](benzyl)amino]-6-(N.N-dimethylamino) hexanoate. This procedure is repeated and 
the combined product is used in the next reaction. 

To a solution of methyl 2(R)-[(4-methoxybenzenesulfonyt](benzyl)amino]-6-(N.N-dimethylamino) hex- 
75 anoate (4.55 g. 10.7 mmol) in tetrahydrofuran (100 mL) is added IN aqueous lithium hydroxide (20 mL, 
20.33 mmol). The reaction mixture is stirred at room temperature overnight. The reaction mixture is directly 
concentrated to dryness in vacuo to give the lithium salt of 2(R)-[[4-methoxyben2enesulfonyl](benzyt)- 
amino]-6-(N,N-dimethylamino) hexanoic acid. 

To a solution of 2(R)-[[4-methoxyben2enesulfonyl](benzyl)amino]-6-(N.N-dimethylamino) hexanoic acid 
20 lithium salt (4.42 g. 10.18 mmol) in methylene chloride (100 mL) containing N- methylmorpholine (6.73 mL, 
61.06 mmol), l-hydroxybenzotriazole monohydrate (1.64 g. 10.687 mmol) and 0-t-butylhydroxyl amine 
hydrochloride (1.41 g, 11.20 mmol) is added N-[dimethylaminopropyl]-N'-ethylcarbodiimide hydrochloride 
(3.90 g. 20.36 mmol) at O'C. The reaction mixture is allowed to warm to room temperature and stirring is 
continued overnight. The mixture is diluted with methylene chloride, washed with saturated sodium 
25 bicarbonate, then with brine, dried (NasSO*) and the solvent is evaporated. The crude product is purified by 
silica gel chromatography (10:1:0.5 ethyl acetate/methanol/ammonium hydroxide) to provide N-(t-butyloxy)- 
2{R)-[[4-methoxybenzenesulfonyl](benzyl)amino)-6-(N.N-dimethylamino) hexanamide. 

(b) Similarly prepared is N-hydroxy-2-(R)-[[4-methoxybenzenesuifonyl](3-picolyl)amino]-6-(N.N- 
dimethylamino)-hexanamide dihydrochioride, m.p. 179-180'C. 
30 The first step is carried out as described above. The alkylation step is carried out as follows: 

To a solution of methyl 2(R)-[[4-methoxybenzenesulfonyl]amino]-6-(benzylcarbamoyl)-hexanoate (10.48 
g. 22.43 mmol) in dimethylformamide (220 mL) at O'C is added 3-picolyl chloride hydrochloride (3.86 g. 
23.55 mmol) followed by sodium hydride (2.24 g, 56.07 mmol, 60% in oil). The reaction mixture is 
warmed to room temperature and stirred for 24 hours. The reaction mixture is quenched with water and 
35 extracted with ethyl acetate. The combined organic extracts are washed with brine, dried (Na2S04). and 
the solvent is evaporated. The crude product is purified by silica gel chromatography (75% ethyl 
acetate/'hexanes) to provide methyl 2(R)-[[4-methoxybenzenesulfonyl](3-picotyl)amino]-6-(benzylcar- 
bamoyl) hexanoate. 

All of the following steps are carried out as described above. 
40 (c) Similarly prepared is N-hydroxy-2(R)-[[4-methoxybenzenesulfonyl](2-picolyl)amino]-6-(N.N- 
dimethylamino)-hexanamide dihydrochioride. m.p. 134-136' C, by alkylating with 2-picolyl chloride in the 
second step and carrying out the subsequent steps as described above. 
Example 13 : N-(t-Butyloxy)-2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-6-[(N,N-dimethylglycyl)- 
amino] hexanamide (2.17 g, 3.86 mmol) is dissolved in dichloroethane (12 mL) containing ethanol (0.22 mL, 
45 3.86 mmol). and the reaction is cooled to -10 'C. Hydrochloric acid gas is bubbled through this solution for 
30 minutes. The reaction is sealed,, warmed to room temperature and stirred for 2 days. The solvent is 
reduced to 1/2 volume by evaporating solvent, and triturated with ether. The resulting solid is removed and 
dried in vacuo to provide N-hydroxy-2{R)-[[4-methoxyben2enesulfonyl](benzyl)amino]-6-[(N,N-dimethyl- 
glycyOamino] hexanamide hydrochloride, m.p. 105-108 *C. 
50 The starting material is prepared as follows: 

To a solution of methyl 2(R)-[[4-methoxybenzenesulfonyll(ben2yl)amino]-6-amino hexanoate hydrochloride 
(7.5 g. 16.44 mmol) in methylene chloride (170 mL) is added l-hydroxybenzotriazole monohydrate (2.64 g. 
1726 mmol). N-methylmorpholine (5.44 mL, 49.34 mmol), and N.N-dimethylglycine (1.86 g. 18.08 mmol). 
and the reaction is coled to O'C. N-[dimethylaminopropyl]-N'-ethylcarbodiimide hydrochloride (6.30 g. 
55 32.88 mmol) is added at O'C. The reaction mixture is warmed to room temperature and stirred overnight. 
The mixture is diluted with methylene chloride and washed with saturated aqueous sodium bicarbonate, and 
then with brine. The organic layer is dried (NazSO*), filtered, and and the solvent is evaporated. The crude 
product is purified by silica gel chromatography (10/0.5/0.5 ethyl acetate/methanol/ammonium hydroxide) to 
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provide methyl 2(R)-[[4-methoxybenzenesulfonyl]{benzyl)annino]-6-[(N.N-dirnethylglycyl)aiTiino] hexanoate 
(6.04 g). 

To a solution of methyl 2(R)-[[4-methoxybenzenesulfonyl](ben2yl)amino]-6-[(N.N-dimethylglycyl)amino] 
hexanoate (3.95 g. 7.82 mmo!) in tetrahydrofuran (75 mL) at 0*C is added 1N lithium hydroxide (15.64 ml. 
5 15.64 mmol). The reaction mixture is warmed to room temperature and stirred overnight. The 
tetrahydrofuran is removed and the remaining aqueous layer is acidified with IN hydrochloric acid. The 
mixture is evaporated to dryness to yield 2(RH[4-methoxybenzenesulfonyl](benzy!)amino]-6-[(N.N-dimethyl- 
glycyl)amino] hexanoic acid hydrochloride. 

To a solution of 2(R)-[[4-methoxyben2enesuifonyl](benzyl)amino]-6-[(N,N-dimethylglycy!)amino] hex- 
70 anoic acid hydrochloride (4.12 g, 7.82 mmol) in methylene chloride (78 mL) and dimethylformamide (5 mL) 
is added 1-hydroxybenzotriazote monohydrate (1.26 g, 8.21 mmol), N-methylmorpholine (2.58 ml. 23.45 
mmol). and 0-t-butyhydroxylamine hydrochloride (1.08 g. 8.60 mmol). The reaction is cooled to O'C, and 
N-[dimethylaminopropyl]-N'-ethylcarbodiimide hydrochloride (3.0 g, 15.64 mmol) is added. The reaction 
mixture is warmed to room temperature and stirred overnight. The mixture is then diluted with methylene 
;5 chloride and washed with saturated aqueous sodium bicarbonate, and then with brine. The organic layer is 
dried (Na2S04). filtered, and and the solvent is evaporated. The crude product is purified by silica gel 
chromatography (10/0.5/0.5 ethyl acetate/methanol/ammonium hydroxide) to provide N-(t-butyloxy)-2(R)-[[4- 
methoxyben2enesulfonyl](benzyl)amfnol-6-[(N,N-dimethylglycyl)amino] hexanamide. 

Example 14: (a) To a solution of 4-[[4-methoxybenzenesutfonyl](benzyl)amino]-4-carboxy- 
20 tetrahydrothiopyran (413.0 mg, 1.0 mmol) in methylene chloride (10 mL) containing dimethylformamide 
(80.0 mg, 1.1 mmol) is added a 2N solution of oxalyl chloride in methylene chloride (1.0 ml. 2.0 mmol) at 
-10'C. The mixture is allowed to warm to 20 'C for 30 minutes. This mixture is added to a pre-stirred 
mixture of hydroxylamine hydrochloride (280.0 mg, 4.0 mmol) in tetrahydrofuran (10 ml)/water (1 ml) 
containing triethylamine (650.0 mg. 6.0 mmol) at O'C dropwise. The reaction mixture is allowed to slowly 
25 warm to room temperature and stirring is continued for 1.5 days. The reaction is worked up by partitioning 
between 1 N hydrochloric acid and ethyl acetate. The aqueous layer is removed and repeatedly extracted 
with ethyl acetate. The combined organic layers are dried (Na2S00 and the solvent is evaporated. The 
crude product is purified by silica gel chromatography (2% methanol/methylene chloride) to give 4-[N- 
hydroxy-carbamoyl]-4-[[4-methoxybenzenesulfonyl](benzyl)aminoHetrahydrothiopyran, m.p. 179-181 ' C. 
30 The starting material is prepared as follows: 

A solution of tetrahydrothiopyran-4-one (4.64 g, 40.0 mmol) in methanol (10 mL) is added to a mixture of 
sodium cyanide (2.0 g, 40.0 mmol) and ammonium chloride (2.36 g, 44.0 mmol) in water (8 mL). The 
reaction mixture is heated to reflux for 14 hours. The mixture is diluted with water, basified with potassium 
carbonate, and extracted with diethyl ether. The organic extract is dried (MgSO*) and filtered. The solution 
35 is acidified with hydrochloric acid saturated with methylene chloride. The resulting precipitate is filtered off 
providing 4-amino-4-cyano-tetrahydrothiopyran hydrochloride salt. 

A solution of 4-amino-4-cyano-tetrahydrothiopyran (5.4 g, 30.3 mmol) in 6N aqueous hydrochloric (250 
mL) acid is heated to reflux for 24 hours. The mixture is triturated by addition of methanol/toluene, and 
filtered. To the crude product, 4-amino-4-carboxytetrahydrothiopyran is added 40 ml of methanol followed 
40 by careful addition of thionyl chloride (3.0 ml, 41.1 mmol). The reaction mixture is heated to reflux for 12 
hours, cooled to room temperature, and concentrated in vacuo to a reduced volume. The remaining mixture 
is triturated with ethy! acetate/di ethyl ether, and the product is collected by filtration, to give 4-amino-4- 
carbomethoxy-tetrahydrothiopyran hydrochloride. 

To a solution of 4-amino-4-carbomethoxy-tetrahydrothiopyran hydrochloride (3.1 g. 15.0 mmol) in 
45 methylene chloride (75 mL) containing triethylamine (3.5 g, 330 0 mmol) is added 4-methoxybenzenesul- 
fonyl chloride (4.1 g. 20.0 mmol) at room temperature. The reaction mixture is stirred at room temperature 
for 18 hours. The mixture is diluted with water and the organic layer is removed. The aqueous layer is 
extracted with diethyl ether and the organic extracts are washed with brine, dried (MgSOO and the solvent 
is evaporated. The product is purified by silica gel chromatography (50% ethylacetate/hexanes) to provide 
50 4-[[4-methoxybenzenesulfonyl]amino]-4-carbomethoxy-tetrahydrothiopyran. 

To a solution of 4-[[(4-methoxybenzene)sulfonyt]aminol-4-carbomethoxy-tetrahydrothiopyran (690.0 mg, 
2.0 mmol) in dimethylformamide (20 mL) at O'C is added sodium hydride (100.0 mg, 2.5 mmol, 60% in oil) 
and benzyl bromide {0.5ml. 4.2 mmol). The reaction mixture is allowed to warm to room temperature and 
stirred for 16 hours. The mixture is quenched by addition of water and extracted with 50% ethyl 
55 acetate.'diethyl ether. The combined organic extracts are dried (MgSO^). filtered, and the solvent is 
evaporated. The product is purified by silica gel chromatography (50% diethyl ether/hexanes) to provide 4- 
[[4-methoxybenzenesulfonyl]{benzyI)amino]-4-carbomethoxy-tetrahydrothiopyran. 
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To a solution of 4-([4-methoxybenzenesulfonyl](benzyl)amino]-4-carbomethoxytelrahydrothiopyran 
(800 0 mg 1 9 mmol) in methanol (50 mL) is added 1 N sodium hydroxide (25 mL). The mixture is heated 
to reflux for 10 hours, and then solid sodium hydroxide is added (3.0 g, excess) and refluxing is continued 
for 18 hours. The mixture is concentrated to a volume of approximately 30 mL and acidified with citric acid 
(pH = 5) The mixture is partitioned between ethyl acetate and water. The organic layer is removed, washed 
with brine, dried (MgSO.). and the solvent is evaporated to give 4-[[4-methoxybenzenesulfonyl](benzyl)- 
amino]-4-carboxytetrahydrothiopyran. 

(b) Similarly prepared is 4-[N-hydroxycarbamoyl]-4-[[4-methoxybenzenesulfonyl](benzyl)amino]- 
tetrahydropyran. m.p. 137-1 40 'C, by starting with tetrahydropyran-4-one in the first step, and carrying 
out the subsequent steps as described above. 

(c) Similarly prepared is l-[N-hydroxy-carbamoyl]-1-[[4-methoxybenzenesulfonyl](benzyl)amino]- 
cyclohexane. m.p. 149-151 'C, by using commercially available 1-aminocyclohexanecarboxylic acid in 
the second step, and carrying out the subsequent steps as described above. 

(d) Similarly prepared is i.[N-hydroxy-carbamoyl]-1-[[4-methoxybenzenesulfonyl](benzyl)amino]- 
cyclopentane, m.p. 67.0-68.0 'C, by using commercially available 1-aminocyclopentane carboxylic acid 
in the second step, and carrying out the subsequent steps as described above. 

(e) Similarly prepared is i-[N-hydroxy-carbamoyl]-1-(l4-methoxybenzenesulfonyll(3-picolyl)amino]- 
cyclohexane. m.p. 116-C. by using 1-aminocyclohexanecarboxylic acid in the second step, alkylating 1- 
[carbomethoxy]-l-[[(4-methoxybenzene)sulfonyl]amino]-cyclohexane with 3-picolyl chloride in the third 

20 step, and carrying out the other steps as described above. 

(f) Similarly prepared is i-[N-hydroxy-carbamoyl]-l-[[4-methoxybenzenesulfonyl](3-picolylamino]- 
cyclopropane hydrochloride, m.p. 205-207 -C, starting with i-amino-1-cyclopropanecarboxylicacid. 

E xample 15 : 4-(N-t-Butyloxycarbamoyl]-4-[(4-methoxybenzenesulfonyl](benzyl)amino]-1 -[benzyl]- 
piperidine is dissolved in dichloroethane (60 mL) and ethanol (1.0 mL) in a glass sealed tube. Hydrochloric 
25 acid gas (from a lecture bottle) is bubbled through the solution for 30 minutes at -1 0 • C. The tube is sealed, 
gradually warmed to room temperature, and stirred ovemight. At this point, hydrochloric acid gas is again 
bubbled through the reaction mixture as done previously and stirred at room temperature for an additional 
24 hours The reaction mixture is reduced to 1.'3 volume in vacuo and triturated with diethyl ether. The solid 
is filtered off and dried in vacuo to provide 4-[N-hydroxy-carbamoyl]-4-[[4-methoxybenzenesulfonyl](benzyl)- 
30 amino]-1-[benzyl]-piperidine, m.p. 135.5-142-C. 
The starting material is prepared as follows: 
A mixture of N-carboethoxy-4-piperidone (88.6 g, 517.2 mmol), sodium cyanide (30.0 g, 612.1 mmol) m 
water (54 mL). ammonium chloride (34.0 g, 635.5 mmol) in water (72 mL), and ammonium hydroxide (76 
ml) is heated to 60-65 -C for 5 hours, and then stirred at room temperature overnight. The resulting solid is 
filtered off. dissolved in methylene chloride, and washed with a small amount of brine. The organic layer is 
dried (MgSO.), concentrated in vacuo to 1.'2 volume, and triturated with hexane. The resulting precipate is 
collected by filtration and dried under vacuum, to give N-carboethoxy-4-amino-4-cyanopipendine. 

A solutin of N-carboethoxy-4-amino-4-cyanopiperidine (82.0 g) in water (700 mL) containing con- 
centrated hydrochloric acid (800 mL) is stirred at room temperature for 4 days. The solvent is then 
40 evaporated to give 4-amino-4-carboxypiperidine dihydrochlorlde. 

Into a heterogeneous mixture of 4-amino-4-carboxypiperidine dihydrochlorlde (61.0 g. 0.34 mmol) in 
methanol (600 mL) is bubbled hydrogen chloride gas at room temperature. The reaction mixture is 
concentrated to dryness in vacuo, dissolved in 1,4-dioxane (200 mL). and concentrated in vacuo. The 
residue is redissolved in methanol (1600 mL) into which hydrogen chloride gas is bubbled for 45 minutes. 
The reaction mixture is refluxed for 18 hours. Mo& of the solvent is then evaporated, the product is 
collected by filtration, and washed with ethyl acetate to give 4-amino-4-carbomethoxypipendine dihydrocn- 

'°"^To a mixture of 4-amino-4-carbomethoxypiperidine dihydrochlorlde (6.60 g. 28.7 mmol) and potassium 
carbonate (18.8 g. 143.5 mmol) in dioxane/water (350 ml/176 ml) at O'C is added di-t-butyl-dicarbonate 
(8 14 g 37 31 mmol) in dioxane (60 mL) over 2 hours. The reaction mixture is warmed to room temperature 
and stirred for 8 hours. To this mixture is added a solution of 4- methoxybenzenesulfonyl chloride (7.71 g. 
37 31 mmol) in dioxane (60 mL) at O'C. The reaction mixture is stirred at room temperature overnight. An 
additional portion of 4- methoxybenzenesulfonyl chloride (7-71 g. 37.31 mmol) in dioxane (60 mL) is added 
to the mixture at O'C. The reaction mixture is allowed to warm to room temperature and stirred ovemight. 
55 The mixture is concentrated in vacuo, diluted with water, and extracted with ethyl acetate. The aqueous 
layer is removed, saturated with sodium chloride, and re-extracted with ethyl acetate. The combined 
extracts are dried (MgS04). and the solvent is evaporated. The crude product is purified by silica gel 
chromatography (50% ethylacetate-hexane) to provide 4-[[4-methoxybenzenesulfonyl]aminol-1-{(t-butoxycar- 
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bonyl]-4-[carbonnethoxy]-piperidine, contaminated with a snnall amount of 4-methoxybenzene-sulfonic acid. 

To a solution of 4-[[4-methoxybenzenesulfonyl]amino]-1-[(t-butoxycarbonyl]-4-[carbomethoxy]-piperidine 
(4.0 g, 9.30 mmol) in dtmethylformamide (150 mL) at O'C is added sodium hydride (1.12 g. 28.0 ml. 60% 
in oil) followed by benzyl bromide (4.8 g, 28.0 mmol). The reaction mixture is allowed to warm to room 

5 temperature for 1 hour. The mixture is quenched with water and extracted with diethyl ether. The organic 
extract is dried (MgSOO and the solvent is evaporated. The crude product is purified by silica gel 
chromatography (50% ethyl acetate/hexanes) to provide 4-[[4-methoxybenzenesulfony!](benzyl)amino]-1-[(t- 
butoxycarbonyl]-4-[carbomethoxy] piperidine. 

To a solution of 4-[[4-methoxybenzenesulfonyl](benzyl)amino]-1-[(t-butoxycarbo nyt]-4-(carbomethoxy]- 

10 piperidine (1.8 g. 3.47 mmol) in ethyl acetate (10 mL) is added a hydrogen chloride gas saturated 
methylene chloride solution (15 mL). The reaction mixture is stirred for 4 hours at room temperature. The 
mixture is concentrated in vacuo to give 4-[[4-methoxybenzenesulfonyl](benzyl)amino]-4-[carbomethoxy]- 
piperidine. 

To a solution of 4-[[4-methoxybenzenesulfonyl](benzy!)amino]-4-[carbomethoxy]- - piperidine (1.0 g, 
;5 2.39 mmol) in dimethytformamide (160 mL) is added sodium hydnde (287.0 mg, 7.18 mmol, 60% in oil) at 
0"C. followed by benzyl bromide (450.0 mg, 2.63 mmol). The reaction mixture is slowly warmed to room 
temperature and stirred overnight. The mixture is quenched with water and extracted with ethyl acetate. The 
combined organic layers are washed with brine, dried (Na2S04) and the solvent is evaporated to give 4-[[4- 
methoxybenzenesulfonyl](benzyl)amino]-1-(benzy!]-4-[carbomethoxy]-piperidin e. 
20 A heterogeneous mixture of 4-[[4-methoxybenzenesulfonyl](benzyl)amino]-1-[benzylH-[carbomethoxy]- 
piperidine (1.2 g, 2.26 mmol) in 50% aqueous sodium hydroxide (10 mL) and methanol (50 mL) is heated to 
reflux for 16 hours. The methanol is evaporated and the residue is neutralized with 4 N hydrochloric acid. 
The aqueous solution is extracted with ethyl acetate. The combined organic extracts are dried (NaSOi) and 
the solvent is evaporated to give 4-[[4-methoxybenzenesulfonyl](benzyl)amino]-1-[benzyl]-4-[carboxy]- 
25 piperidine. 

To a mixture of 4-[[4-methoxybenzenesulfonyl](benzyl)amino]-1-[benzyl]-4-[carboxy]-piperidine (850.0 
mg, 1.64 mmol) in methylene chloride (100 mL) containing N-methylmorpholine (0.6 ml, 5.48 mmol) and 0- 
t-butylhydroxyl amine hydrochloride (620.0 mg, 4.94 mmol) is added N-[dimethyfaminopropyl]-N'-ethylcar- 
bodiimide hydrochloride (1.1 g. 5.74 mmol). The reaction mixture is stirred overnight at room temperature. 
30 The mixture is diluted with water and extracted with methylene chloride. The combined organic extracts are 
dried (Na2S04) and the solvent is evaporated. The crude product is purified by silica gel chromatography 
(ethyl acetate) to provide 4-[N-t-butyloxy-carbamoyll-4-[[4-methoxybenzenesulfonyl](benzyl)amino]-1-[ben- 
zyl]-piperidine. 

Alternately, 4-[[4-methoxybenzenesuifonyl]amino]-1-[(t-butoxycarbonyl]-4-carbomethoxyl-piperidine is 
35 first hydrolyzed with sodium hydroxide to 4-[[4-methoxybenzenesutfonyl]amino]-1-[(t-butoxycarbonyl]-4- 
[carboxy]-piperidine. Treatment with 0-t-butylhydroxylamine under conditions described above gives 4-[N-t- 
butyloxy-carbamoyl>4-[[4-methoxybenzenesulfonyl](benzyl)amino]-1-[t-butoxycarbonyl]-pipertdine. Reaction 
with 1 N hydrochloric acid in ethyl acetate yields 4-[N-t-butyloxy-carbamoyl]-4-[[4-methoxybenzenesulfonyl]- 
(benzyl)amino]-piperidine. which is treated with benzyl bromide as described above. 
40 Similarly prepared, starting from 4-[[4-methoxybenzenesulfonyl(benzyl)aminoH-[carbomethoxy]- 
pipertdine, are the following: 

(a) 4-[N-Hydroxy-carbamoyt]-4-[[4-methoxybenzenesulfonyl](benzyl)-amino]-l-[dimethylaminoacetyl]- 

piperidine hydrochloride, m.p, 145 *C; 

(b) 4-[N-Hydroxy-carbamoyl]-4-[[4-methoxybenzenesulfonyl(benzyl)-amino]-1-[3-picolyl]-piperidine 

45 dihydrochloride, m.p. 167'C: 

(c) 4-[N-Hydroxy-carbamoyl]-4-[[4-methoxybenzenesulfonyl](benzyl)-amino]-1-(carbomethoxymethyl]- 

piperidine hydrochloride, m.p. 183.5-185 ^C; 

(d) 4-[N-Hydroxy-carbamoyl]-4-[[4-methoxybenzenesulfonyl](benzyl)-amino]-piperidine trifluoroacetate; 

(e) 4-[N-Hydroxy-carbamoyl]-4-[[4-methoxybenzenesulfonylKbenzyl)-amino]-1-[t-butoxycarbonyl]- 

50 piperidine; 

(f) 4-[N-HydroxycarbamoylH-([4-methoxybenzenesulfonyt]{benzyt)-amino]-1-[methylsulfonyl]-piperidine: 

(g) 4-(N-Hydroxycarbamoyt]-4-[[4-methoxybenzenesulfonyl](benzyl)amino]-1-[methyl]piperidine hydro- 
chloride, m.p. 185.5-187 'C; 

(h) 4-[N-Hydroxycarbamoyl]-4-{[methoxybenzenesulfonyl](benzyt)amino]-1-(morpholinocarbonyl]- 

55 piperidine, m.p. 89-91 'C; 

(i) 4-[N-Hydroxycarbamoyl]-4-([4-methoxybenzenesulfonyl](benzyl)amino]-1-[4-picolyl]pipendine 

dihydrochloride. m.p. 168* C 
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Example 16 : Ethyl 2-[[4-nnethoxybenzenesulfonyl]{benzyl)amino]acetate (11.20 g. 30.9 mmol) is dis- 
solved in methanol (100 mL). To this solution is added hydroxylamine hydrochloride (4,31 g. 62.0 mmol). 
followed by the addition of sodium methoxide, freshly prepared from sodium (2.14 g, 93.0 mmol) dissolved 
in methanol (55 mL). The reaction is stirred overnight at room temperature. The reaction is worked up by 

5 partitioning between dilute hydrochloric acid (pH = ~3) and ethyl acetate. The aqueous phase is extracted 
well with ethyl acetate, the combined organic layers are dried (Na2S04), and the solvent is evaporated. The 
product is purified by silica gel chromatography (75 % ethyl acetate/ hexane) to give N-hydroxy-2-[[4- 
methoxybenzenesulfonyl](benzyl)amino]-acetamide, m.p. 1 1 2-1 1 4 ' C. 
The starting material is prepared as follows; 

10 Benzytamine (16.0 mL, 145.2 mmol) is dissolved in chloroform (110 mL), and the solution is cooled to O'C. 
To this solution is added 4-methoxybenzenesulfonyt chloride (10.0 g, 48.4 mmol). The reaction is stirred at 
room temperature for 1 hour, and then refluxed for 1 hour. After cooling back to room temperature, the 
reaction is washed three times with 4N hydrochloric acid (200 mL), twice with water (100 mL), once with 
brine (50 mL), then dried (Na2S00. and the solvent is evaporated to give N-[4-methoxybenzenesulfonyl]- 

;5 benzylamine. 

Sodium hydride (1.56 g of a 50 % oil dispersion, 33.0 mmol) is suspended in tetrahydrofuran (85 mL). 
To this is added a solution of N-[4-methoxybenzenesulfonyl]-benzylamine (9.0 g, 32.5 mmol) also in 
tetrahydrofuran (85 mL), and the reaction is stirred for 30 minutes at room temperature. Then ethyl 
bromoacetate (5.40 mL, 48.8 mmol) is added, and the reaction is stirred overnight at room temperature. The 

20 reaction is quenched with a small amount of water, and all the solvent is removed. The crude mixture is 
partitioned between ethyl acetate and water, the aqueous phase is extracted several times with ethyl 
acetate, the combined organic layers are dried (Na2S04), and the solvent is evaporated. The product is 
purified by silica gel chromatography (30% ethyl acetate/hexane) to give ethyl 2-[[4-methoxybenzenesul- 
fonyl](benzyl)amino]acetate. 

25 Example 17 : The following compounds are prepared similarly to Example 16: 

(a) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](isobutyt)amino]acetamide. m.p. 1 33-1 34 'C, by coupling 
isobutylamine with 4-methoxybenzenesulfonyl chloride in the first step, and carrying out the subsequent 
steps as described in example 16. 

(b) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](cyclohexylmethyl)amino]acetamide, m.p. 145-1 46 *C, by 
30 coupling cyclohexanemethylamine with 4-methoxybenzenesulfonyl chloride in the first step, and carrying 

out the subsequent steps as described in example 16. 

(c) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](cyclohexyl)amino]acetamide. m.p. 1 48-1 49 'C. by coupling 
cyclohexylamine with 4-methoxybenzenesulfonyl chloride in the first step, and carrying out the subse- 
quent steps as described in example 16. 

35 (d) N-Hydroxy-2-[[4-methoxybenzenesulfonylKphenethyl)amino]acetamide. m.p. 137-138*C, by coupling 
phenethylamine with 4-methoxybenzenesulfonyl chloride in the first step, and carrying out the subse- 
quent steps as described in example 16. 

(e) N-Hydroxy-2-([4-methoxybenzenesulfonyl](3-methylbutyl)amtno]acetamide, m.p. 108'C, by coupling 
1-amino-3-methylbutane with 4-methoxyben2enesulfonyl chloride in the first step, and carrying out the 

40 subsequent steps as described in example 16. 

(f) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](sec-butyl)amino]acetamide. m.p. 138*C, by coupling (sec)- 
butylamine with 4-methoxybenzenesulfonyl chloride in the first step, and carrying out the subsequent 
steps as described in example 1 6. 

(g) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](tert-butyl)amino]acetamide, m.p. 150-151 'C. by coupling 
45 (tert)-butylamine with 4-methoxybenzenesulfonyl chloride in the first step, and carrying out the subse- 
quent steps as described in example 16. 

(h) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](4-fluorobenzyl)amino]acetamide. m.p. 115-1 19" C, by cou- 
pling 4-fluoroben2ylamine with 4-methoxybenzenesulfonyl chloride in the first step, and carrying out the 
subsequent steps as described in example 16, 

50 (i) N-Hydroxy-2-[t4-methoxyben2enesulfonyl](4-chtorobenzyl)amino]acetamide, m.p. 121-123 'C, by cou- 
pling 4-chlorobenzylamine with 4-methoxybenzenesulfonyl chloride in the first step, and carrying out the 
subsequent steps as described in example 16, G) N-Hydroxy-2-([4-methoxybenzenesulfonylKisopropyt)- 
aminojacetamide, m.p. 

139-141 'C, by coupling isopropylamine with 4-methoxybenzenesulfonyl chloride in the first step, and 
55 carrying out the subsequent steps as described in example 16. 

(k) N-Hydroxy-2-[[4-methoxybenzenesulfonylK4-methylben2yl)amino] acetamide, m.p. 133-135 'C, by 
coupling 4-methylbenzytamine with 4-methoxybenzenesulfonyl chloride in the first step, and carrying out 
the subsequent steps as described in example 16. 
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(I) N-Hydroxy-2-[[4-methoxybenzenesuifonylK3-phenyl-1-propyl)amino]acetamide by coupling 3-phenyl-l- 
propylamine with 4-methoxyben2enesulfonyl chloride in the first step, and carrying out the subsequent 
steps as described in example 16. 

(m) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](4-phenylbutyl)amino]acetamide. m.p. 109-1 12*C. by cou- 
5 pling 4-phenylbutylamine with 4-nnethoxyben2enesulfonyl chloride in the first step, and carrying out the 
subsequent steps as described in example 16. 

(n) N-Hydroxy-2-[[4-nnethoxybenzenesulfonyl](2-cyclohexylethyl)amtno]acetamide, m.p. 1 43-1 44 'C, by 
coupling 2-cyclohexylethylamine with 4-methoxybenzenesulfonyl chloride in the first step, and carrying 
out the subsequent steps as described in example 16. 
10 (0) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](4-phenylben2yl)amino]acetamide by coupling 4-phenylben- 
zylamine with 4-nnethoxybenzenesulfonyl chloride in the first step, and carrying out the subsequent steps 
as described in example 16. 

(p) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](2.2.2-triftuoroethyl)amino]acetamide, m.p. 1 42-1 43 'C. by 
coupling 2,2,2-trifluoroethylamine with 4-methoxybenzenesulfonyl chloride in the first step, and carrying 
75 out the subsequent steps as described in example 16. 

(q) N-Hydroxy-2-[[ben2enesulfonyll(isobutyl)aminolacetamtde, m.p. 130-131 'C. by coupling 
isobutylamine with benzenesulfonyt chloride in the first step, and carrying out the subsequent steps as 
described in example 16. 

(r) N-Hydroxy-2-[[4-trifluoromethylbenzenesulfonyl](isobutyl)amino]acetamide, m.p. 130-131 -C, by cou- 
20 pling isobutylamine with 4-trifluoromethylbenzenesulfonyl chloride in the first step, and carrying out the 
subsequent steps as described in example 16. 

(s) N-Hydroxy-2-[[4-chlorobenzenesulfonyl](isobutyl)amino]acetamide, nn.p. 126-127* C, by coupling 
isobutylamine with 4-chlorobenzenesulfonyl chloride in the first step, and carrying out the subsequent 
steps as described in example 16. 
25 (t) N-Hydroxy-2-[[4-methylbenzenesulfonyl](isobutyl)amino]acetamide. m.p. 138-140 'C, by coupling 
isobutylamine with 4-methylben2enesulfonyl chloride in the first step, and carrying out the subsequent 
steps as described in example 16. 

(u) N-Hydroxy-2-[[4-fluorobenzenesulfonyl](isobutyl)amino]acetamide, m.p. 1 44-1 46 'C. by coupling 
isobutylamine with 4-fluorobenzenesulfonyl chloride in the first step, and carrying out the subsequent 
30 Steps as described in example 16. 

(v) N-Hydroxy-2-[[2-thiophenesulfonyl]{isobutyl)amino]acetamide by coupling isobutylamine with 2- 
thiophenesulfonyl chloride in the first step, and carrying out the subsequent steps as described in 
example 16. 

(w) N-Hydroxy-2-[[ben2enesulfonyl](ben2yl)amino]acetamide. m.p. 90-93 'C. by coupling benzylamine 
35 with benzenesulfonyl chloride in the first step, and carrying out the subsequent steps as described in 
example 16. 

(x) N-Hydroxy-2-[[4-nitrobenzenesulfonyl](isobutyl)amino]acetamide, m.p. 128-130 ' C. by coupling 
isobutylamine with 4-nitrobenzenesulfonyl chloride in the first step, and carrying out the subsequent 
steps as described in example 1 6. 
40 (y) N-Hydroxy-2-[[4-(tert)-butylben2enesulfonyl](isobutyl)amino]acetamide. m.p. 113-1 14 by coupling 
isobutylamine with 4-(tert)-butyIben2enesulfonyl chloride in the first step, and carrying out the subse- 
quent steps as described in example 16. 

(2) N-Hydroxy-2-[[4-methylsulfonylbenzenesulfonyl](isobuty!)amino]acetamide. m.p. 159-161 'C, by cou- 
pling isobutylamine with 4-methylsulfonylben2enesulfonyl chloride in the first step, and carrying out the 
45 subsequent steps as described in example 1 6. 

(aa) N-Hydroxy-2-[(3-trtfluoromethylben2enesulfonyl](isobutyl)amino]acetamide m.p. 140-141 'C. by cou- 
pling isobutylamine with 3-tnfluoromethylbenzenesulfonyl chloride in the first step, and carrying out the 
subsequent steps as described in example 16. 

(bb) N-Hydroxy-2-[[2.4,6-trimethylbenzenesulfonyl](isobutyi)amino]acetamide. m.p. 1 42-1 43 'C, by cou- 
50 pling isobutylamine with 2,4.6-trimethylben2enesulfonyl chloride in the first step, and carrying out the 
subsequent steps as described in example 16. . 

(cc) N-Hydroxy-2-([2,5-dimethoxyben2enesulfonyl](isobutyl)amino]acetamide. m.p. 50-53 "C, by coupling 
isobutylamine with 2.5-dimethoxybenzenesulfonyt chloride in the first step, and carrying out the subse- 
quent steps as described in example 16. 
55 (dd) N-Hydroxy-2-{[3.4-dimethoxybenzenesulfonyl](isobutyl)amino]acetamide, m.p. 146-148' C, by cou- 
pling isobutylamine with 3,4-dimethoxyben2enesulfonyl chloride in the first step, and carrying out the 
subsequent steps as described in example 16. 
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(ee) N-Hydroxy-2-[[2,4,6-triisopropylbenzenesultonylKisobutyl)arnino]acetamide, m.p. 1 31-1 33 • C. by 
coupling isobutylamine with 2.4,6-triisopropylbenzenesulfonyl chloride in the first step, and carrying out 
the subsequent steps as described above. 

(ff) N-Hydroxy-2-[[3.5-dinnethylisoxa2ole-4-sulfonyl(benzyl)aminolacetamide, m.p. 140*C. by coupling 
benzylamine with 3.5-dimethylisoxazole-4-su!fonyl chloride in the first step, and carrying out the subse- 
quent steps as described in example 16. 

(gg) N-Hydroxy-2-[[2,4-dimethylthia20le-5-suifonyl{benzyl)amino]acetamide. m.p, 55 • C, by coupling ben- 
zylamine with 2,4-dimethylthiazole-5-sulfonyl chloride in the first step, and carrying out the subsequent 
steps as described in example 16. 
Example 18: Ethyl 2-[[4-methoxybenzenesulfonyl](4-methoxybenzyl)amino]acetate (0.90 g, 2.3 mmol) is 
dissolved in methanol (20 mL). To this solution is added hydroxylamine hydrochloride (0.80 g, 11.5 mmoi), 
followed by the addition of sodium methoxide (5.2 mL of a 2.67M solution). The reaction is stirred overnight 
at room temperature. The reaction is worked up by partitioning between dilute hydrochloric acid (pH=~3) 
and ethyl acetate. The aqueous phase is extracted well with ethyl acetate, the combined organic layers are 
washed with brine, dried (Na^SOO. and the solvent is evaporated. The product is recrystallized from 
ether.'ethyl acetate to give N-hydroxy-2-[[4-methoxybenzenesulfonyl](4-methoxybenzyl)amino]acetamide. 
m.p. 134-135.5 'C. 

The starting material is prepared as follows: 
Glycine ethyl ester hydrochloride (31.39 g. 225.0 mmol) is dissolved in dioxane (150 mL) and water (150 
20 mL). triethylamine (69.0 mU 495.0 mmol) is added, and the solution is cooled to O'C. To this solution is 
added 4-methoxyben2enesulfonyl chloride (51.15 g. 248.0 mmol) over 10 minutes. The reaction is warmed 
to room temperature and stirred overnight. The next day the mixture is reduced to one-half volume by 
evaporating solvent, diluted with IN sodium hydroxide, and extracted well with ether. The combined organic 
layers are washed with brine, dried (NasSO*), and the solvent is evaporated. The product is recrystallized 
25 from ether/ethyl acetate/hexanes to give ethyl 2-[[4-methoxybenzenesulfonyl]amino]acetate. 

To a suspension of sodium hydride (0.906 g. 22.67 mmol) in dimethylformamide (50.0 mL). is added 
ethyl 2-[[4-methoxybenzenesulfonyllamino]acetate (4.13 g, 15.11 mmol) and 4-methoxybenzyl chloride (2.17 
mL. 15.87 mmol), and the reaction is stirred overnight at room temperature. The reaction is cooled to O'C. 
quenched with IN hydrochloric acid, and extracted well with ether. The combined organic layers are 
30 washed with brine, dried (Na2S04), and the solvent is evaporated. The product is recrystallized from 
ether/hexanes to give ethyl 2-([4-methoxyben2enesulfonyl](4-methoxybenzyl)aminolacetate. 
Example 19 : The following compounds are prepared similarly to example 18: 

(a) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](2-picolyl)amtnolacetamide. m.p. 138.5-139.5 'C. by alkylat- 
ing ethyl 2-[[4-methoxybenzenesulfonyl]amino]acetate with 2-picolyl chloride in the second step, and 

35 carrying out the other steps as described in example 18. 

(b) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](3-picolyl)amino]acetamide. m.p. 144-145 'C, by alkylating 
ethyl 2-[[4-methoxybenzenesu!fonyl]amino]acetate with 3-picolyl chloride in the second step, and carry- 
ing out the other steps as described in example 18. 

(c) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](piperonyl)amino]acetamide, m.p. 1 43-1 44 -C. by alkylating 
ethyl 2-[[4-methoxyben2enesutfonyl]amino]acetate with piperonyl chloride in the second step, and 
carrying out the other steps as described in example 18. 

(d) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](2-piperidinylethyl)amino]acetamide. m.p. 120-122* C. by 
alkylating ethyl 2-[[4-methoxybenzenesulfonyl]aminolacetate with N-{2-chloroethyl)-piperidine in the sec- 
ond step, and carrying out the other steps as described in example 18. 

Example 20 : (a) N-(t-Butyloxy)-2-[[4-methoxybenzenesulfonyl](2-quino!inylmethyl)amino)acetamide 

(l.l5g. 2.42 mmol) is dissolved in methylene chloride (30.0 mL) and ethanol (0.20 mL) in a glass sealed 
tube. Hydrochloric acid gas (from a lecture bottle) is bubbled through the solution for 20 minutes, and then 
the tube is sealed and stands at room temperature overnight. The next day. additional hydrochloric acid gas 
is bubbled through the solution for 20 minutes, more ethanol (0.20 mL) is added, and then the tube is 
sealed and stands at room temperature for two days. After that time, the solvent is removed. The product is 
purified by silca gel chromatography (5% to 15% methanol/methylene chloride with -1% ammonium 
hydroxide) to give N-hydroxy-2-[(4-methoxyben2enesulfonyl](2-quinolinylmethyl)amino]acetamide, m.p. 177- 

178'C. 

The starting material is prepared as follows: 
55 To a suspension of sodium hydride (0.84 g, 35.0 mmol) in dimethylformamide (120.0 mL). is added ethyl 2- 
[[4-methoxybenzenesulfonyl]amino]acetate (3.19 g. 11.67 mmol) and 2-(chloromethyl)quinoline (2.62 g. 
12.26 mmol). and the reaction is stirred for three days at room temperature. Then, additional NaH (0.46 g. 
11.67 mmol) is added, and the reaction is heated to SO'C for 5 hours. The reaction is cooled to 0*C. 
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quenched with water, and extracted well with ether. The combined organic layers are washed with brine, 
dried (NazSO*). and the solvent is removed to give ethyl 2-[[4-methoxybenzenesuifonyl](2-quinotinyl- 
methyl)amino]acetate. 

Ethyl 2-[[4-methoxyben2enesulfonyl](2-quinoltnylmethyl)amino]acetate (4.0g, 9.63 mmol) is dissolved in 
5 tetrahydrofuran (70.0 mL). To this solution is added lithium hydroxide (18.0 mL of a 1N aqueous solution, 
18.0 mmol), and the reaction is stirred at room temperature overnight. The tetrahydrofuran is evaporated, 
the reaction is then acidified to pH = ~3 using IN hydrochloric acid, and extracted well with ethyl acetate. 

The combined organic layers are dried (Na2S04), and the solvent is evaporated to give 2-[[4- 
methoxyben2enesulfonyl](2-quinolinylmethyt)amino]acetic acid hydrochloride. 
10 2-[[4-methoxyben2enesulfonyl](2-quinolinylmethyl)amino]acetic acid hydrochloride (1.49 g, 3.35 mmol). 
1-hydroxybenzotriazole (0.539 g, 3.52 mmol), 4-methytmorpholine (1.55 mL. 14.9 mmol), and 0-t-butyl- 
hydroxyl amine hydrochloride (0.464 g, 3.70 mmol) are dissolved in methylene chloride (50.0 mL), and the 
reaction is cooled to O'C. To this solution is added N-[dimethylaminopropyl]-N'-ethylcarbodiimide hy- 
drochloride (1.35 g, 7.04 mmol), and the reaction is allowed to warm up to room temperature and stir 
;5 overnight. The reaction is diluted with more methylene chloride, and the organic layer is washed with 
saturated sodium bicarbonate, brine, dried (MgSOi), and the solvent is evaporated. The product is purified 
by silica gel chromatography (1% methanol/methylene chloride) to give N-(t-butyloxy)-2-[[4-methoxyben- 
2enesulfonyl](2-quinolinylmethyl)amino]acetamide. 

(b) Similarly prepared is N-hydroxy-2-[[4-methoxyben2enesulfonyl](4-picolyl)amino]-acetamide hydro- 
20 chloride, m.p. 193"C. by alkylating ethyl 2-[[4-methoxybenzenesulfonyl]amino]acetate with 4-picotyl 
chloride in the second step, and carrying out the other steps as described above. 
Example 21; (a) 2-[[4-Methoxybenzenesulfonyl]{6-chloropiperonyl)amino]acetic acid (1.87 g, 4.51 mmol) 
is dissolved in methylene chloride (45.0 mL). To this solution is added oxalyl chloride (0.784 mL, 9.02 
mmol) and dimethylformamide (0.35 mL, 4.51 mmol), and the reaction is stirred at room temperature for 60 
25 minutes. Meanwhile, in a separate flask, hydroxylamine hydrochloride (1.25 g. 18.04 mmol) and 
triethylamine (3.77 mL, 27.06 mmol) are stirred in tetrahydrofuran (20.0 mL) and water (5.0 mL) at O'C for 
15 minutes. After 60 minutes, the methylene chloride solution is added in one portion to the second flask, 
and the combined contents are stirred overnight as the flask gradually warms up to room temperature. The 
reaction is then diluted with acidic water (pH =-3), and extracted several times with ethyl acetate. The 
30 combined organic layers are dried (Na2S0O. and the solvent is evaporated. The product is recrystallized 
from ethyl acetate/methanol/acetone to give N-hydroxy-2-[[4-methoxybenzenesulfonyl](6-chloropiperonyl)- 
amino] acetamide. m.p. 168-169*C. 

The starting material is prepared as follows: 
To a suspension of sodium hydride (1.08 g, 27.06 mmol) in dimethylformamide (180.0 mL), is added ethyl 
35 2-[[4-methoxybenzenesulfonyl]amino)acetate (4.93 g, 18.04 mmol) and 6-chloropiperonyl chloride (3.88 g, 
19.0 mmol), and the reaction is stirred overnight at room temperature. The reaction is cooled to O'C, 
quenched with IN hydrochloric acid, and extracted well with ether. The combined organic layers are 
washed with brine, dried (Na2S04), and the solvent is evaporated. The product is recrystallized from 
ethertiexanes to give ethyl 2-[[4-methoxybenzenesulfonyl](6-chloropiperonyl)amino)acetate. 
40 Ethyl 2-[[4-methoxyben2enesulfonyl](6-chloropiperonyl)amino]acetate (2.1 2g. 4.79 mmol) is dissolved in 
tetrahydrofuran (40.0 mL). To this solution is added lithium hydroxide (10.0 mL of a IN aqueous solution, 
10.0 mmol), and the reaction is stirred at room temperature overnight. The tetrahydrofuran is evaporated, 
the reaction is then acidified to pH =-3 using IN hydrochloric acid, and extracted well with ethyl acetate. 
The combined organic layers are dried (NaaSOO, and the solvent is evaporated to give 2-[[4-methoxyben- 
45 zenesulfonyll(6- chloropiperonyl)amino]acetic acid. 

(b) Similarly prepared is N-hydroxy-2-[[4-methoxybenzenesulfonyl](3,4,5-trimethoxybenzyl)amino]- 
acetamide. m.p. 116-1 18' C. by alkylating ethyl 2-[[4-methoxybenzenesulfonyl]aminolacetate with 3.4.5- 
trimethoxybenzyt chloride in the second step, and carrying out the other steps as described above. 

(c) Similarly prepared is N-hydroxy-2-[[4-methoxybenzenesulfonyl](3-methoxybenzyl)amino]acetamide. 
50 m.p. 1 18-1 19 'C, by alkylating ethyl 2-[[4-methoxybenzenesulfonyl]amino]acetate with 3-methoxybenzyl 

chloride in the second step, and carrying out the other steps as described above. 
Example 22 : Ethyl 2-[[4-methoxyben2enesulfonyl](2-[4-morpholino]ethyl)amino]acetate (7.1 g. 18.4 
mmol) is dissolved in ethanol (100 mL), followed by the addition of sodium spheres (1.1 g). To this solution 
is added hydroxylamine hydrochloride (2.47 g. 35.5 mmol). The reaction is refluxed overnight. The reaction 
55 is worked up by removing most of the solvent, and partitioning between saturated sodium bicarbonate and 
ethyl acetate. The aqueous phase is extracted well with ethyl acetate, the combined organic layers are 
washed with brine, dried (MgSOi). and the solvent is evaporated. The product is purified by silica gel 
chromatography (80% ethyl acetate. 16% methanol 4% acetic acid). The solvent is removed to give the 
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product containing residual acetic acid. The product is partitioned between ethyl acetate and water (pH = 
7.1). the organic phase is dried (MgS04). and the solvent is concentrated and then triturated with ether to 
give N-hydroxy-2-[[4-nnethoxyben2enesutfonyl]{2-[4-morpholino]ethyl)annino]acetamide, nn.p. 108-1 12 'C. 
The starting material is prepared as follows: 
5 Ethyl 2-[[4-methoxybenzenesu!fonyl]annino]acetate (13.7 g. 50.0 nnnnol) is dissolved in ethanol (500 mL), 
followed by the addition of sodium spheres (2.5 g, 109.0 mmol). To this solution is added N-(2-chloroethyl)- 
morpholine hydrochloride (10.0 g, 53.7 mmol). the reaction is stirred at room temperature for 2 hours, and 
then refluxed for 1.5 hours. The reaction is partitioned between ethyl acetate and brine. The aqueous phase 
is extracted well with ethyl acetate, the combined organic layers are dried (MgSO*), and the solvent is 
10 evaporated to give ethyl 2-[[4-methoxyben2enesulfonyl](2-[4-morpholino]ethyl)amino]acetate. 

Example 23 : N-Hydroxy-2-[[4-aminoben2enesuifonyl](isobutyl)amino]acetamide, m.p. 50-55 'C. is ob- 
tained by hydrogenation of N-hydroxy-2-[[4-nitroben2enesuIfonyl](isobutyl}amino]acetamide (see example 
17x). m.p. 128-130*, using 10% palladium on carbon. 

The starting material is prepared according to example 16 by coupling isobutytamine and 4-nitroben- 
15 zenesulfonyl chloride in the first step thereof. 

Exampk: 24: N-Hydroxy-2-[[4-dimethylaminobenzenesuIfonyl](isobutyl)amino]acetam!oe. m.p. 127- 
129'C. is oblaTned by methylation of N-hydroxy-2-[[4-aminoben2enesulfonyl](isobutyl)amtno]acetamide 
using the procedure from Synthesis p. 709, 1987. 

Example 25 : Ethyl 2-([4-hexyloxybenzenesulfonyl](isobutyl)amino]acetate (1.22 g, 3.05 mmol) is dis- 
20 solved in methanol (15 mL). To this solution is added hydroxylamine hydrochloride (0.43 g, 6.11 mmol), 
followed by the addition of sodium methoxide, freshly prepared from sodium (0.35 g, 15.3 mmol) dissolved 
in methanol (5 mL). The reaction is stirred for 36 hours at room temperature. The reaction is worked up by 
partitioning between dilute hydrochloric acid (pH = ~3) and ethyl acetate. The aqueous phase is extracted 
well with ethyl acetate, the combined organic layers are dried (Na2S04). and the solvent is evaporated. The 
25 product is crystallized from hexnae/ethyl acetate and collected by filtration to give N-hydroxy-2-[[4- 
hexyloxybenzenesulfonyl](isobutyl)amino]acetamide, m.p. 108-1 10 'C. 

The starting material is prepared as follows: 
A solution of ethanethiol (15 mL) and methylene chloride (15 mL) is cooled to O'C. Aluminum trichloride 
(9.62 g. 72.2 mmol) is added (the solution turns green), and the reaction is warmed to room temperature. 
30 Ethyl 2-[[4-methoxybenzenesulfonyl](isobutyl)amino]acetate (4.75 g, 14.44 mmol) is added in methylene 
chloride (5 mL), ars-i rhe reactiom is stirred for 3.5 hours at room temperature. The reaction is then slowly 
quenched with wa- . and the crude reaction is partitioned between water and methylene chloride. The 
aqueous layer is extracted well with methylene chloride, the combined organic layers are dried (Na2S00. 
and the solvent is evaporated. The product is purified by silica gel chromatography (25% to 50% ethyl 
35 acetate/hexane) to give ethyl 2-[[4-hydroxybenzenesulfonyl](isobutyl)amino]acetate. 

Ethyl 2-[[4-hydroxybenzenesulfonyl](isobutyt)amino]acetate (1.0 g. 3.17 mmol) is dissolved in dimethyl- 
formamide (16 mL). Cesium carbonate (1.03 g, 3.17 mmol) is added, followed by 1-iodohexane (0.47 mL. 
3.17 mmol), and the reaction is stirred overnight at room temperature. The reaction is then partitioned 
between water and ethyl acetate, the aqueous layer is extracted well with ethyl acetate, the combined 
40 organic layers are dried (Na2S04). and the solvent is evaporated. The product is purified by silica gel 
chromatography (10% ethyl acetate/liexane) to give ethyl 2-[[4-hexyloxyben2enesulfonyl](isobutyl)amino]- 
acetate. 

Example 26 : The following compounds are prepared similarly to example 25: 

(a) N-Hydroxy-2-[[4-ethoxybenzenesulfonyl](isobutyl)amino]acetamide,by using ethyl iodide in the cesium 
45 carbonate alkylation step, and carrying out the subsequent steps as described in example 25. 

(b) N-Hydroxy-2-[[4-butyloxybenzenesulfonyl]{tsobutyl)amino]acetamide. m.p. 125-1 27 by using 
iodobutane in the cesium carbonate alkylation step, and carrying out the subsequent steps as described 
in example 25. 

(c) N-Hydroxy-2-[[4-(3-methyl)butyloxybenzenesulfonyl](isobutyl)amino]acetamide. m.p. 93-96 "C. by us- 
50 ing l-iodo-3-methylbutane in the cesium carbonate alkylation step, and carrying out the subsequent 

steps as described in example 25. 

(d) N-Hydroxy-2-([4-heptyloxybenzenesulfonyl)(isobutyl)amino]acetamide, m.p. 1 20-1 23 'C, by using 1- 
iodoheptane in the cesium carbonate alkylation step, and carrying out the subsequent steps as described 
in example 25. 

55 (e) N-Hydroxy-2-([4-(cyctohexylmethoxy)benzenesutfony!](isobutyl)amino]acetamide. m.p. 75-80 'C. by 
using cyclohexylmethyl bromide in the cesium carbonate alkylation step, and carrying out the subse- 
quent steps as described in example 25. 
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(f) N-Hydroxy-2-[[4-isopropy!oxyben2enesulfonyl](isobutyl)aminolacetamide. m.p. 65-66 'C. by using 
isopropyl bromide in the cesium carbonate alkylation step, and carrying out the subsequent steps as 
described in example 25. 

(g) N-Hydroxy-2-[[4-ethoxyethoxyben2enesulfonyl](isobutyl)amlno]acetamide, m.p. 1 1 1-114 'C, by using 
5 2-bromoethyl ethyl ether in the cesium carbonate alkylation step, and carrying out the subsequent steps 

as described in example 25. 
Example 27 : (a) N-(t-buty!oxy)-2-[[4-methoxybenzenesulfonyl]{benzyl)amino]-2-[(2-methyl-5-tetrazolyl)- 
methyl]acetamide (0.77 g. 1.55 mmol) is dissolved in methylene chloride (2-0 mL) and ethanol (0.1 mL) in a 
glass sealed tube, and the reaction is cooled to O'C. Hydrochloric acid gas (from a lecture bottle) is 
10 bubbled through the solution for 20 minutes, and then the tube is seated at room temperature for 3 days. 
After that time, the solvent is removed, and the reaction Is partitioned between ethyl acetate and saturated 
sodium bicarbonate. The organic phase is dried (Na2S04). and the solvent is evaporated. The product is 
purified by silica gel chromatography (2% methanol/methylene chloride) to give N-hydroxy-2-[[4-methox- 
yben2enesulfonyl](benzyl)aminol-2-i(2-methyt-5-tetrazolyl)methyl]acetamide, m.p. 72-75 ' C. 
75 The starting material is prepared as follows: 

D-asparagine {13.2 g. 100.0 mmol) is dissolved in dioxane (75.0 mL) and water (125.0 mL). triethylamine 
(21.0 mL. 150.0 mmol) is added, and the solution is cooled to O'C. To this solution is added 4- 
methoxybenzenesulfonyl chloride (22.7 g, 110.0 mmol) over 10 minutes. The reaction is warmed to room 
temperature and stirred for 3 days. The precipitate is then filtered off, the filtrate is acidified to pH = -4. and 
20 extracted well with ethyl acetate. A first crop of pure product precipitates from the ethyl acetate and is 
collected by filtration. A second crop is obtained by evaporating off the ethyl acetate, and rinsing the solid 
obtained with water to remove inorganic salts. The two crops are combined to give N-[4-methoxyben- 
zenesulfonyl]-(D)-asparagine. 

N-[4-methoxybenzenesulfonyl]-(D)-asparagine (10.1 g, 33.3 mmol) is dissolved in dimethylformamide 
25 (167.0 mL). Cesium carbonate (5.43 g. 16.66 mmol) is added, followed by the addition of methyl iodide 
(2.22 mL. 33.3 mmol). and the reaction is stirred overnight- The reaction is then diluted with saturated 
ammonium chloride (366.0 mL), and extracted well with ethyl acetate. The combined organic extracts are 
washed with brine, dried (NasSO*). and the solvent is evaporated. The crude product is recrystallized from 
toluene to provide N-[4-methoxybenzenesulfonylHD)-asparagine methyl ester. 
30 To a suspension of N-[4-methoxybenzenesulfonyl]-(D)-asparagine methyl ester (8.54 g. 27.0 mmol) in 
methylene chloride (47.0 mL) is added pyridine (10.9 mL, 135.0 mmol). Para-toluenesulfonyt chloride (10.3 
g, 54.0 mmol) is added, and the reaction mixture is allowed to stand without stirring at room temperature 
overnight. The next day. saturated sodium bicarbonate is added (125.0 mL), and the mixture is stirred for 1 
hour. The mixture is then diluted with water and extracted well with ethyl acetate. The combined organic 
35 extracts are washed with brine, dried (NaaSO*). and the solvent is evaporated. The crude product is 
recrystallized from 20% tetrahydrofuran/methanol to provide methyl 2(R)-[[4-methoxybenzenesulfonyl]- 
amino]-4-cyano-propionate. 

To a suspension of sodium hydride (0.93 g, 23.2 mmol) in dimethylforrnamide (95.0 mL), is added 
methyl 2(R)-[[4-methoxybr: :enesulfonyl]amino]-4-cyano-propionate (6.92 g, 23.2 mmol) in dimethylfor- 
40 mamide (10.0 mL). After si ng at room temperature for 20 minutes, benzyl bromide (3.1 mL, 25.5 mmol) is 
added, and the reaction is stirred overnight at room temperature. The reaction is then partitioned between 
ethyl acetate and acidic water (pH = -5), the organic layer is dried (NaaSO*), and the solvent is evaporated. 
The product is purified by silica gel chromatography (40% ethyl acetate-Zhexane) to give methyl 2(R)-([4- 
methoxybenzenesulfonyl](ben2yl)amino]-4-cyano-propionate. 
45 To a solution of methyl 2(R)-[[4-methoxyben2enesulfonyl](benzyl)amino]-4-cyanorpropionate (1.34 g, 
3.47 mmol) in dimethylformamide (5.4 mL) is added triethylamine hydrochloride (0.95 g. 6.93 mmol) and 
sodium azide (0.45 g. 6.93 mmol). The reaction is stirred at 110' C overnight. The next day, the solvent is 
evaporated, the residue is acidified with IN hydrochloric acid (16.0 mL), and extracted well with ethyl 
acetate. The combined organic extracts are washed with brine, dried (Na2S0*). and the solvent is 
50 evaporated to yield methyl 2(R)-[[4-methoxyben2enesulfonyl](ben2yt)amino]-2-[(5-tetra20lyl)methyl]acetate. 

This crude tetrazole is dissolved in dimethylformamide (17.4 mL). Cesium carbonate (0.56 g, 1.73 
mmol) is added, followed by the addition of methyl iodide (0.23 mL, 3.47 mmol), and the reaction is stirred 
overnight. The reaction is then diluted with brine and extracted well with ethyl ac tate. The combined 
organic extracts are washed with brine, dried (Na2S04), and the solvent is evaporated. The product Is 
55 purified by silica gel chromatography (40% ethyl acetate/hexane) to give separately the two regioisomers: 
methyl 2(R)-[[4-methoxyben2enesutfonyl](benzyl)amino]-2-((l -methyl-5-tetra2olyl)methyl]acetate (0.50 g); 
and methyl 2(R)-[[4-methoxybenzenesulfonylKben2yl)amino]-2-{(2-methyl-5-tetra20lyl)methyl]acetate. 
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Methyl 2(R)-[[4-methoxyben2enesulfonyl](benzyl)annino]-2-[{2-nnethyl-5 -tetra2o!yl)methyl]acetate (1.0 g. 
2.27 mmol) is dissolved in tetrahydrofuran (11.3 mL) and water (11.3 mL). To this solution is added lithium 
hydroxide hydrate (0.095 g. 2.27 mnnol). and the reaction is stirred at room temperature for 2 hours. The 
reaction is then acidified to pH=-3 using IN hydrochloric acid, and extracted well with ethyl acetate. The 
5 combined organic extracts are washed with brine, dried (NazSO*). and the solvent is evaporated to provide 
2(R)-[[4-methoxyben2enesulfonyl](benzyl)amino]-2-[(2-methyl-5-tetrazolyl)methyl)acetic acid (0.96 g). 

2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-2-[(2-methyl-5-tetrazolyl)methyl]acetic acid (0.96 g, 
2.24 mmol), l-hydroxybenzotriazole (0.30 g, 2.24 mmol), 4-methylmorpholine (0.86 mL. 7.89 mmol). and 0- 
t-butylhydroxylamine hydrochloride (0.30 g, 2.24 mmol) are dissolved in methylene chloride (75.0 mL). N- 
70 [dimethylaminopropyl]-N'-ethylcarbodiimide hydrochloride (0.86 g, 4.48 mmol) is added, and the reaction is 
stirred overnight. The reaction is then diluted with water and extracted with methylene chloride. The 
combined organic extracts are washed with brine, dried (Na2S0i). and the solvent is evaporated. The crude 
product is purified by silica gel chromatography (50% ethyl acetate/hexane) to give N-(t-butyloxy)-2-[[4- 
methoxybenzenesulfonyl](ben2yl)amino]-2-[(2-methyi-5-tetra2olyl)methyl]acetamide. 
;5 (b) Similarly prepared is the other tetrazote regioisomer. N-hydroxy-2-[[4-methoxybenzenesulfonyl]- 
(ben2yl)amino]-2-[(1-methyl-5-tetra2oiyl)methyl]acetamide, m.p. 92-96 'C. by completing the synthesis as 
described above. 

(c) Similarly prepared is N-hydroxy-2-[[4-methoxybenzenesulfonyl](benzyl)amino]-2-[(5-tetrazolyl)methyl]- 
acetamide. m.p. 91-94 'C. by completing the synthesis as described above, except trityl chloride is used 

20 to protect the tetrazole ring in place of methyl iodide. 

(d) Similarly prepared is N-hydroxy-2-[[4-methoxybenzenesulfonyl](4-phenylbenzyl)amino]-2-[(5- 
tetrazolyl)methyl]acetamtde. m.p. 184'C, by completing the synthesis as described above, except 4- 
chloromethylbiphenyl is used in place of benzyl bromide in the alkylation step. 

Example 28 : Oxalyl chloride (106 mL, 1.22 mol) is added over 1 hour to dimethylformamide (92 mL) in 
25 methylene chloride (1250 mL) at O'C. To this is added a solution of 2(R)-([4-methoxybenzenesulfonyl](3- 
ptcolyl)amino]-3-methylbutanoic acid hydrochloride (248 g. 0.6 mol) in dimethylformamide (450 mL) over 1 
hour, maintaining the temperature at O'C. This solution is stirred an additional 2 hours at room temperature, 
and then added dropwise to a mixture of hydroxylamine (460 g of a 50% aqueous solution, 6.82 mol) in 
tetrahydrofuran (2400 mL). The reaction is stirred an additional 3 hours at S'C. and then at room 
30 temperature overnight. The reaction mixture is filtered, the organic layer is collected, and the solvent is 
evaporated. The crude product is re-dissolved in methylene chloride (2 L), washed with water (2 X 1 L). 
saturated sodium bicarbonate (4 X 1 L). brine (1 L). dried (NajSO*). and the solvent is evaporated. The 
product is dissolved in ethyl acetate (700 mL) and diluted with ether (1400 mL) to induce precipitation. The 
pure product is collected by filtration to provide N-hydroxy-2(R)-[[4-methoxyben2enesulfonyl](3-picolyl)- 
35 amino]-3-methylbutanamide. After conversion to the hydrochloride salt, a white solid is obtained, m.p, 169- 
170*C (dec). 

The starting material is prepared as follows: 
To a solution of D-valine (2000 g. 17.09 mol) in water (16.9 L) and acetone (9.5 L), cooled to 5*C, is added 
triethylamine (4769 mL. 34.22 mol), and the reaction is stirred for 30 minutes. Then a solution of 4- 
40 methoxybenzenesulfonyl chloride (3524 g, 18.48 mol) in acetone (7.4 L) is added over 30 minutes, and the 
reaction is stirred at room temperature overnight. Most of the acetone is evaporated off, and the pH is 
adjusted to pH = 8.25 with 6N sodium hydroxide. The crude product is washed with toluene (2 X 10 L), and 
then the pH is re-adjusted to pH = 2.2 with 6N hydrochloric acid. The mixture is then extracted with 
methylene chloride (3X12 L), the combined organic layers are washed with 2N hydrochloric acid, water. 
45 dried (NasSO* ), and the solvent is evaporated to provide N-(4-methoxybenzenesulfonyl]-(D)-vatine. 

To a solution of N-[4-methoxybenzenesulfonyI]-(D)-valine (8369 g. 29.13 mol) in methanol (30 L) at 5'C 
is added thionyl chloride (2176 mL. 29.7 mol) over 2.5 hours. After stirring for 3 hours at 5"C, the reaction 
is stirred for 36 hours at room temperature. Most of the solvent is evaporated, and the crude product is 
dissolved in toluene (80 L). The toluene layer is then washed with water (20 L). saturated sodium 
50 bicarbonate (20 L). water again (20 L), 2N hydrochloric acid (20 L). brine (20 L), dried (Na2S04). and the 
solvent is evaporated. The solid obtained is dissolved in ethyl acetate (8 L) and heptane (16 L) is added to 
induce crystallization. The precipitated product is collected by filtration to provide methyl 2(R)-[[4-methox- 
yben2enesulfonyl]amino]-3-methylbutanoate. 

To a solution of methyl 2(R)-([4-methoxyben2enesulfonyl]amino]-3-methylbutanoate (1662 g. 5.52 mol) 
55 in dimethylformamide (10.9 L) is added 3-picolyl chloride hydrochloride (947.3 g. 5.77 mol) followed by 
powdered potassium carbonate (2409.9 g, 17.36 mol). The reaction mixture is stirred at room temperature 
for 2 days. At that time, additional quantities of 3-picolyl chloride hydrochloride (95 g) and powdered 
potassium carbonate (241 g) are added, and the reaction is stirred for 3 more days. The solids are then 
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filtered away, the crude product is poured into water (22 L), and the pH is adjusted to pH = 8 with 6N 
sodium hydroxide. This solution is extracted well with toluene (4X10 L), the combined organic layers are 
washed with water (2X12 L), and then with 6N hydrochloric acid (3 X 1600 mL). This aqueous layer is then 
re-adjusted to pH = 8 with 6N sodium hydroxide, extracted with toluene (4X10 L), dried (Na2S04). and the 

5 solvent is evaporated. The oil obtained is re-dissoived in ethyl acetate (12 L). cooled to 5*C, and to this is 
added methanolic HCl (834 mL). Atter stirring for 2 hours, the precipitated product is collected by filtration 
to give methyl 2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-3-methylbutanoate hydrochloride. 

Methyl 2(RH[4-methoxyben2enesulfonyl](3-picolyl)amino]-3-methylbutanoate hydrochloride (7164 g. 
16.7 mol) is added to a solution of water (27 L) and concentrated hydrochloric acid (9 L). and heated to 

10 120'C for 3 days. After cooling down to room temperature, charcoal (350 g) is added, stirring is continued 
for 45 minutes, the reaction is filtered, and the solvent is evaporated. The crude solid is re-dissolved in 
methanol (7.1 L) and ethyl acetate (73 L). and cooled to 3 'C for 2 hours. The precipitated product is 
collected by filtration to give 2(RH[4-methoxybenzenesulfonyl](3-picolyl)amino]-3-methylbutanoic acid hy- 
drochloride. 

/5 Example 29: N-Benzyloxy-2(RH[4-methoxybenzenesulfonyl](3-picolyl)amino]-3-methylbutanamide (see 
example 29a) is reacted with hydrogen in the presence of 10% palladium on charcoal catalyst at room 
temperature and atmospheric pressure to yield N-hydroxy-2(R)-[[4-methoxyben2enesulfonyl](3-picolyl)- 
amino]-3-methylbutanamide. After conversion to the hydrochloride salt, a white solid is obtained, m.p. 169- 
170'C (dec). 

20 (a) The N-(benzyloxy) substituted prodrug derivative of the above compound is prepared as follows; 

2(R)-[[4-methoxyben2enesulfonyl](3-picolyl)amino]-3-methylbutanoic acid hydrochloride is reacted with 
O-benzylhydroxylamine hydrochloride under conditions described for reaction with 0-t-butylhydrox- 
ylamine hydrochloride to yield N-(benzyloxy)-2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-3-meth- 
yl-butanamide, m.p. 74.5-76 "C. 

25 (b) The corresponding N-(4-methoxybenzyloxy) substituted prodrug derivative, N-(4-methoxyben2yloxy)- 
2(R)-[[4-methoxyben2enesulfonyl](3-picolyl)amino]-3-methyl-butanamide. is prepared as follows: 
2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-3-methylbutanoic acid hydrochloride (2.41 g. 5.82 
mmol), 1-hydroxybenzotriazole (0.786 g, 5.82 mmol). 4-methyl-morpholine (1.9 mL, 17.46 mmol), and O- 
(4-methoxybenzyl)hydroxylamine (1.78 g. 11.63 mmol) (prepared according to Pol. J. Chem. 55. 1163- 

30 1167 (1981)) are dissolved in methylene chloride (55 mL). N-[dimethylaminopropyt]-N'-ethylcarbodiimide 
hydrochloride (1.45 g, 7.57 mmol) is added, and the reaction is stirred overnight. The reaction is then 
diluted with water and extracted with methylene chloride. The combined organic extracts are washed 
with brine, dried (Na2S04). and the solvent is evaporated. The crude product is purified by silica gel 
chromatography (ethyl acetate followed by 5% methanol/ethyl acetate) to give N-(4-methoxybenzyloxy)- 

35 2(R)-[[4-methoxybenzenesulfonyll(3-ptcolyl)amino]-3-methylbutanamide, m.p. 45-53 " C. 

Similarly prepared are: (c) the N-(2,4-dimethoxyben2yloxy)-substituted prodrug derivative, N-(2.4- 
dimethoxybenzytoxy)-2(R)-[t4-methoxyben2enesulfonyl](3-picolyl)amino]-3-methyl-butanamide, m.p. 45- 

60-C; 

(d) the N-(2-methoxybenzyloxy)-substituted prodrug derivative. N-(2-methoxybenzyloxy)-2(R)-[[4-methox- 

40 yben2enesulfonyl](3-picolyl)amino]-3-methyl-butanamide m.p. 46-56 'C. 

Example 30 : N-(t-Butyloxy)-2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-3(R)-(3-picolyloxy)- 
butanamide (1.3 g. 2.4 mmol) is dissolved in methylene chloride (50 mL) containing ethanol (0.14 mL, 2.4 
mmol) in a round bottom flask, and the reaction is cooled to -10'C. Hydrochloric acid gas (from a lecture 
bottle) is bubbled through for 20 minutes. The reaction is sealed, allowed to slowly warm to room 

45 temperature, and stirred for two days. The solvent is reduced to 1/3 the volume by evaporation and the 
residue is triturated with ether. The mixture is filtered, the titer cake is removed and dried in vacuo to 
provide N-hydroxy-2(R)-[[4-methoxyben2enesulfonylK3-picolyl)aminol-3(R)-(3-picolyloxy)-butanamide 
dihydrochloride as a white solid: [a]o^ = +35.26' (c = 5.58. DMSO). 
. The starting material is prepared as follows: 

50 To a solution of D-threonine (5.0 g. 0.042 mol) in water (50 mL) and dioxane (50 mL) containing 
triethytamine(8.9 mL. 0.063 mol) at room temperature is added 4-methoxybenzenesulfonyl chloride (9.54 g. 
0.046 mol). The reaction mixture is stirred overnight at room. temperature. Most of the dioxane is evaporated 
off, and the pH is adjusted to pH = 2 with IN HCl. The mixture is then extracted with ethyl acetate. The 
combined organic extracts are washed with brine, dried (Na2S04), and concentrated in vacuo to provide N- 

55 [4-methoxybenzenesu!fonyl]-(D)-threonine. 

N-[4-methoxyben2enesulfonylHD)-threonine (4.0 g. 13.84 mmol). 1 -hydroxy benzotriazole (1.87 g, 13.84 
mmol). 4-methylmorphotine (7.9 mL, 69.2 mmol). and 0-t-butylhydroxylamine hydrochloride (5.22 g, 41.52 
mmol) are dissolved in methylene chloride (100 mL). To this solution is added N-[dimel'.ylaminopropyl]-N'- 
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ethylcarbodiimide hydrochloride (3.45 g, 17.99 mmol), and the reaction is stirred overnight. The mixture is 
then diluted with water and extracted with methylene chloride. The combined organic extracts are washed 
with brine, dried (Na2S04), and concentrated in vacuo. The crude product is purified by silica gel 
chromatography (ethyl acetate) to give N-(t-butyloxy)-2(R)-[[4-methoxyben2enesulfonyl]-amino]-3(R)-hydrox- 
ybutanamide. 

To a solution of N-(t-butyloxy)-2(R)-[[4-methoxyben2enesulfonyl]amino]-3(R)-hydroxybutanamide (3.04 
g. 8.44 mmol) in dimethylformamide (150 mL) is added 3-picolyl chloride hydrochloride (1.45 g. 8.87 mmol) 
followed by potassium carbonate (1 1.65 g. 84.4 mmol). The reaction mixture is stirred at room temperature 
overnight, then heated to 45-C for 5 hours. An additional amount of 3-picolyl chloride hydrochloride (692.0 
mg, 4.23 mmol) is added at this point. The reaction mixture is stirred at 45*0 for 10 hours. The reaction 
mixture is diluted with water and extracted with ethyl acetate. The combined organic extracts were washed 
with brine, dried (Na2S00. and concentrated in vacuo. The crude product is purified by silica gel 
chromatography (ethyl acetate, then 5% methanol/methylene chloride) to give N-(t-butyloxy)-2(R)-[[4- 
methoxyben2enesulfonyl](3-picolyl)amino]-3(R)-(3-picolyloxy)butanamide. 

Example 31 : (a) N-(t-Butytoxy)-2(R)-[[4-methoxyben2enesulfonyl](4-picolyl)amino]cyclohexylacetamide 
(1.9 g. 3.9 mmol) is dissolved in dichioroethane (50 mL) containing ethanol (0.21 ml. 3.9 mmol) in a round 
bottom flask, and the reaction is cooled to -10 -C. Hydrochloric acid gas (from a lecture bottle) is bubbled 
through for 30 minutes. The reaction is sealed, allowed to slowly warm to room temperature, and stirred for 
4 days. The solvent is reduced to 1/3 volume by evaporation and triturated with ether. The mixture is 
filtered, filter cake removed, and dried in vacuo to provide N-hydroxy-2(R)-[[4-methoxyben2enesulfonyl](4- 
picolyl)amino]-2-cyclohexylacetamide hydrochloride as a white solid, m.p. 154.5-1 56 'C. 

The starting material is prepared as follows: 
To a solution of D-cyclohexylglycine hydrochloride (10-4 g. 53.7 mmol) in 1:1 dioxane/water (200 mL) 
containing triethylamine (37.0 g, 366.0 mmol) at room temperature is added 4.methoxyben2enesulfonyl 
chloride (15.0 g. 73.0 mmol), and the reaction mixture is stirred at room temperature overnight. The mixture 
is then diluted with methylene chloride, washed with IN aqueous hydrochloric acid and water. The organic 
layer is washed again with brine, dried (Na2S00, and the solvent is evaporated to provide N-[4- 
methoxyben2enesulfonyl]-(D)-cyclohexylglycine as a crude product. A solution of this crude product in 
toluene (200 mL) containing N,N-dimethylformamide di-t-butyl acetal (48.5 mL, 200.0 mmol) is heated to 
95 for 3 hours. The solvent is then evaporated. The crude product is purified by silica gel chromatog- 
raphy (30% ethyl acetate/hexanes) to provide N-[4-methoxyben2enesulfonyl](D)-cyclohexylglycine t-butyl 
ester 

To a solution of N-(4-methoxyben2enesulfonyl]-(0)-cyclohexylglycine t-butyl ester (2.0 g. 4.1 mmol) in 
dimethylformamide (100 mL) is added 4-picolyl chloride hydrochloride (0.74 g, 4.5 mmol) followed by 
potassium carbonate (5.61 g. 40.7 mmol). The reaction mixture is stirred at room temperature for 4 days. 
The mixture is then diluted with water and extracted with ethyl acetate. The combined organic extracts are 
washed with brine, dried (Na2S04), and the solvent is evaporated. The crude product is purified by silica 
gel chromatography (ethyl acetate) to give t-butyl 2(R)-[t4-methoxybenzenesulfonyl](4-picolyl)amino]-2- 

cyclohexylacetate. ' i • h- 

t-Butyl 2(R)-[[4-methoxyben2enesulfonyl](4-picolyl)amino]-cyclohexyla cetate (2.0 g, 4.2 mmol) is dis- 
solved in methylene chloride (80 mL) and cooled to -10 'C. Hydrochloric acid gas is bubbled into the 
solution for 10 minuntes. The reaction mixture is then sealed, warmed to room temperature and stirred 
overnight. The solvent is then evaporated to provide 2(R)-([4-methoxyben2enesulfonyl](4-picolyl)amino]-2- 

cyciohexylacetic acid hydrochloride. 

2(R)-[[4-Methoxyben2enesulfonyl](4-picolyl)amino]-cyclohexylacetic acid hydrochloride (1 .8g. 4.2 
mmol). l-hydroxybenzotria20le (0.65 g, 4.81 mmol). 4-melhyl-morpholine (2.4 mL, 24.04 mmol). and 0-t- 
butylhydroxylamine hydrochloride (1.81 g. 14.4 mmol) are dissolved in methylene chloride (100 mL). N- 
[dimethylaminopropylhN'-ethylcarbodiimide hydrochloride (1.2 g. 6.25 mmol) is added, and the reaction is 
stirred overnight. The reaction is then diluted with water and extracted with methylene chloride. The 
combined organic extracts are washed with brine, dried (Na2S04), and the solvent is evaporated. The crude 
product is purified by silica gel chromatography (5% methanol/methylene chloride) to give N-(t-butyloxy)-2- 
(R)-([4-methoxyben2enesulfonyl](4-picolyl)amino]-2-cyclohexylacetamide. 

(b) Similarly prepared is N-hydroxy-2(R)-[[4-methoxyben2enesulfonyt](2-(2-pyridyl)ethyl)ammol-2- 

cyclohexylacetamide. m.p. 13 1.5- 134.0 'C. 

The first two steps are carried out as described above. A Mitsunobu step is substituted for the 

alkylation step as described below. 

To a stirring solution of N-[4-methoxyben2enesulfonyl]-(D)-cyclohexylglycine-t-butyl ester (2,0 g. 5.25 
mmol) in tetrahydrofuran (50 mL) is added triphenylphosphine (4.13 g. 15.75 mmol) and 2-(2-hydrox- 
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yethyl)-pyridine (646.0 mg, 5.25 mmol) followed by diethyl azodicarboxylate (2.28 g, 13.1 mmol). The 
reaction mixture is stirred at room temperature for 48 hours. The mixture is concentrated directly in 
vacuo. The crude mixture is applied to a column of silica gel (30% ethylacetate/hexane) to provide t- 
butyl 2(R)-[N-[4-methoxybenzenesulfonyIl(2-(2-pyridyl)ethyl)amino]- 2-cyclohexylacetate. 
5 All of the subsequent steps are carried out as described under (a). 

(c) Similarly prepared is N-hydroxy-2(R)-[[4-methoxybenzenesulfonyl](3-(3-pyridyl)propyl)amino]-2- 
cyclohexylacetamide, m.p. 136.0-138' C. by using 3-pyridinepropanol in the Mitsunobu step, and 
carrying out the subsequent steps as described above. 

(d) Similarly prepared is N-hydroxy-2(R)-[[4-methoxybenzenesulfonyl](2-methylpyrid-5-ylmethyl)amino]-2- 
10 cyclohexylacetamide, m.p. 156.5-157.0' C, by using 6-methyl-3-pyridinemethanoI (prepared as in J. Org. 

Chem. 53 3513 (1988)) in the Mitsunobu step, and carrying out the subsequent steps as described 
above. 

(e) Similarly prepared is N-hydroxy-2(R)-[[4-methoxybenzenesulfonyl](4-tetrahydropyranmethyl)amino]-2- 
cyclohexylacetamide, m.p. 75.0-87.0 'C, by using 4-(hydroxymethyl)tetrahydropyran (prepared as in 

;5 Okrytiya. Izobret. 82 (1985)) in the Mitsunoba step, and carrying out the subsequent steps as described 
above. 

Example 32 : N-(t-Butyloxy)-2(R)-[(4-methoxybenzenesutfonyl)(benzyl)amino]-2-(4-N-methylpiperidinyl)- 
acetamide (733.0 mg, 1.46 mmol) is dissolved in methylene chloride (60 mL) containing ethanol (67.0 mg. 
146 mmol), and the reaction is cooled to -10"C. Hydrochloric acid gas (from a lecture bottle) is bubbled 
20 through for 15 minutes. The reaction is sealed, allowed to slowly warm to room temperature, and stirred for 
6 days. The solvent is reduced to 1.3 volume by evaporation and triturated with ether. The mixture is 
filtered, filter cake removed, and dried in vacuo to provide N-hydroxy-2(R)-[(4-methoxybenzenesulfonyl)- 
(ben2yl)aminol-2-(4-N-methyipiperidinyl)acetamide hydrochloride as a light tan solid, m.p. >160'C (dec). 
The starting material is prepared as follows: 

25 To a solution of ethyl 4-pyridylacetate (11.17 g, 67.62 mmol) in 2N hydrochloric acid (100 mL) is added 
platinum (IV) oxide (275 mg). The mixture is shaken in a Parr hydrogenation apparatus for 60 hours under a 
hydrogen pressure of 50 psi ( = 3.45 bar). The reaction mixture is basified to pH 8-9 with saturated aqueous 
sodium carbonate and then washed with methylene chloride. The aqueous layer is concentrated in vacuo 
providing sodium 4-piperidyl acetate as a white solid. To a solution of the crude product (5.0 g, 30.3 mmol) 

30 in 3:1 water'dioxane (200 mL) at 0"C is added a solution of di-tert-butyldicarbonate (6.38 g, 29.3 mmol) in 
dioxane (25 mL) in one portion. The cloudy reaction mixture is warmed to room temperature and stirred 
overnight. The mixture is then filtered, cooled to O'C and acidified with cold 6N hydrochloric acid (pH = 2- 
3).This solution is extracted with ethyl acetate. The combined organic layers are dried (NasSO*). and the 
solvent is evaporated to provide N-t-BOC-piperidine-4-acetic acid as a white crystalline solid. 

35 To a solution of N-t-BOC-piperidine-4-acetic acid (4.67 g. 19.22 mmol) in tetrahydrofuran at -78 'C is 
added triethylamine (2.53 g, 24.99 mmol) followed by pivaloyi chloride (2.55 g. 21.14 mmol). The resulting 
white slurry is stirred at -78 "C for 15 minutes, warmed to O'C for 45 minutes, then recooled to -78 *C. In a 
separate flask, (R)-( + )-4-benzyl-2-oxa20lidinone (4.09 g, 23.1 mmol) is dissolved in tetrahydrofuran (50 mL) 
and 1M n-butyl lithium in hexanes (14.4 mL, 23.06 mmol) is added dropwise at -78 'C. The solution is 

40 added via cannula to the aforementioned white slurry at -78' C. The reaction mixture is stirred at -78 'C for 
15 minutes, then warmed to room temperature over 2.5 hours. The mixture is quenched with saturated 
aqueous sodium carbonate and the tetrahydrofuran is evaporated in vacuo. The remaining aqueous layer is 
diluted with water and extracted with ethyl acetate. The combined organic extracts are washed with brine, 
dried (Na2S04), and the solvent is evaporated under vacuum. The product is purified by silica gel 

45 chromatography (75% to 50% hexane/ethyl acetate) to give 3-(2-{N-t-BOC-4-piperidinyl)-1-oxoethyl]-4(R)- 
(benzyl)-2-oxa2olidinone. 

To a solution of 3-t2-{N-t-BOC-4-piperidinyl)-1-oxoethyl]-4(R)-(benzyl)-2-oxazolidinone (7.54 g, 18.76 
mmol) in tetrahydrofuran (175 mL) at -78 'C is added a 0.5 M solution of potassium bis (trimethylsilylamide 
in toluene (37.5 mL, 18.76 mmol) dropwise. After stirring for 20 minutes at -78 'C, a pre-cooled solution of 

50 trisylazide (7.25 g, 23.4 mmol) in tetrahydrofuran (55 mL) is added via cannula at -78 'C. The mixture is 
stirred for 15 minutes at -78 'C, then acetic acid 3.38 g. 56.28 mmol) is added followed by immediate 
warming to room temperature through immersion in a water bath. The reaction mixture is stirred for 1.5 
hours at room temperature. The tetrahydrofuran is removed under vacuum and the resulting residue is 
partitioned between saturated aqueous sodium carbonate and ethyl acetate. The aqueous layer is removed 

55 and extracted with ethyl acetate. The combined organic extracts are washed with brine, dried (Na2S04), and 
concentrated in vacuo. The product is purified by silica gel chromatography (30% to 50% ethyl ace- 
tate, hexanes) to give 3-[2-(R)-azido-2-(N-t-BOC-4-piperidinyl)-1-oxoethyl]-4(R)-(benzy()-2-oxazolidinone. 
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To a solution of 3-[2-(R)-azido-2-(N-BOC-4-piperidinyl)-1-oxoethyl]-4(R)-(benzyl)-2-oxazolidinone (5.84 g. 
13.17 mmol) in 3:1 tetrahydrofuran/water/200 mL) at O'C is added 30% aqueous hydrogen peroxide (5.12 
mL. 52.67 mrr\o\) followed by lithium hydroxide nnonohydrate (1.11 g, 26.34 nnnnol). The reaction nnixture is 
stirred at O'C for 1 hour. The nnixture is quenched by addition of sodium sulfite (7.1 g) at O'C. The 

5 tetrahydrofuran is removed in vacuo and the remaining aqueous layer is further diluted with water. This 
aqueous layer is then washed with methylene chloride and acidified with IN hydrochloric acid. The resulting 
acidic aqueous layer is extracted with ethyl acetate. The combined organic extracts are dried (Na2S04) and 
concentrated in vacuo to provide crude 2-(R)-azido-2-(N-t-BOC-4-piperidinyl)acetic acid. 

To a pre-stirred solution of tin (II) chloride (3.14 g, 16.55 mmol) in methanol (100 mL) at O'C is added 

10 2-(R)-azido-2-(N-t-BOC-4-piperidinyl)acetic acid (2.35 g. 8.27 mmol) in methanol (25 mL) dropwise. The 
reaction mixture is stirred at O'C for 10 minutes then warmed to room temperature overnight. The methanol 
is removed in vacuo to provide crude R-(N-t-B0C-4-piperidinyl) glycine, which is used directly in the next 
reaction without purification. The crude product from the above reaction is dissolved in 2:1 dioxane/water 
(120 mL) and triethytamine (7.53 g, 74.43 mmol) and cooled to O'C. To this mixture is added 4- 

15 methoxybenzenesulfonyl chloride (2.22 g. 10.75 mmol) and then the reaction mixture is warmed to room 
temperature overnight. The dioxane is removed in vacuo and the residue is partitioned between dilute 
aqueous sodium bicarbonate and ethyl acetate. The basic aqueous layer is removed, acidifed with IN 
hydrochloric acid, and extracted with ethyl acetate. The resulting emulsion is passed through a celite pad 
washing with ethyl acetate. The organic filtrate is dried (Na2S04) and concentrated in vacuo to provide 2(R)- 

20 [(4-methoxybenzenesulfonyl)amino]-2-(N-t-BOC-4-piperidinyl) acetic acid as crude product. 

A solution of crude 2(R)-[(4-methoxybenzenesulfonyl)amino]-2-(N-t-BOC-4-piperidinyl)-acetic acid (2.88 
g) in dimethylformamide (60 mL) containing N.N-dicyclohexylamine (1.22 g. 6.73 mmol) and benzyl 
bromide (1.15 g. 6.73 mmol) is stirred at room temperature for 3.5 hours. To this same reaction mixture is 
again added benzyl bromide (1.26 g, 7.4 mmol) followed by potassium carbonate (6.5 g. 47.11 mmol). The 

25 reaction mixture is stirred over the weekend at room temperature. The mixture is diluted with water and 
extracted with ethylacetate. The combined organic extracts are washed with brine, dried (NasSO^). and 
concentrated in vacuo. The crude product is purified by silica gel chromatography (15% to 25% ethyl 
acetate/hexanes) to provide benzyl 2(R)-[(4-methoxybenzenesulfony!)(benzyl)-amino]-2-(N-t-BOC-4- 
piperidinyl)acetate. 

A solution of benzyl 2(R)-[(4-methoxybenzenesulfony!)(benzy!)amino]-2-(N-t-BOC-4-p(peridinyl) acetate 
(2.0 g. 3.3 mmol) in dichloromethane (50 mL) is cooled to 0*0 and hydrochloric acid gas (from a lecture 
bottle) is bubbled through for 10 minutes. The reaction mixture is warmed to room temperature over 30 
minutes. The solvent is removed in vacuo to yield benzyl 2(R)-[(4-methoxybenzenesulfony!)(benzyl)amino)- 
2-(N-t-BOC-4-piperidinyl) acetate hydrochloride as a white foam. 

To a solution of benzyl 2(R)-[(4-methoxybenzene sulfonyl)(benzyl)amino]-2-(N-t-BOC-4-piperidinyl) ace- 
tate hydrochloride salt (1.28 g. 2.35 mmol) heated to reflux is added sodium formate (480.0 mg, 7.06 mmol) 
and formaldehyde (0.57 mL, 7.06 mmol). The reaction mixture is refluxed for 10 minutes, then two 
additional aliquots of formaldehyde (0.57 mL. 7.06 mmol) are added at 10 minute inter /.^ils. The reaction 
mixture is refluxed for an additional 3 hours. The formic acid is. removed in vacuo and the residue is 
40 partioned between saturated aqueous sodium bicarbonate and ethyl acetate. The basic aqueous layer is 
further extracted with ethyl acetate. The combined organic extracts are washed with brine, dried (Na2S04) 
and concentrated in vacuo to provide benzyl 2(R)-[(4-methoxyben2enesulfonyl)benzyl)amino]-2-(4-N-methyl- 
piperidinyl) acetate as a crude product. A solution of this crude product (1.23 g) in 3N HCl (40 mL) is 
refluxed at 120' C for 2 days. The mixture is concentrated in vacuo to provide acid as a crude product. To 
45 a solution of this crude product (1.08 g) in methylene chloride (75 mL) is added l-hydroxybenzotriazole 
(0.312 g, 2.31 mmol). 4-methylmorpholine (1.64 g. 16.17 mmol). 0-t-butylhydroxylamine hydrochloride 
(870.0 mg. 6.93 mmol). followed by N-tdimethylaminopropyl]-N'-ethylcarbodiim(de hydrochloride (576.0 mg. 
3.0 mmol). The reaction mixture is stirred at room temperature overnight. The reaction is then diluted with 
water and extracted with methylene chloride. The combined organic extracts are washed with brine, dried 
50 (Na2S0d), and the solvent is evaporated. The crude product is purified by silica gel chromatography (3% to 
7% methanol/methylene chloride containing 0.5% ammonium hydroxide) to give N-(t-butytoxy)-2(R)-[(4- 
methoxybenzenesulfonyl)(benzyl)amino]-2-(4-N-methylpiperidinyl)acetamide. 

Example 33 : Preparation of 3000 capsules each containing 25 mg of the active ingredient, for example. 
N-hydroxy-2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-3-methylbutanamide hydrochloride: 

55 
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Active ingredient 


75.00 g 


Lactose 


750.00 g 


Avicel PH 102 (microcrystalline cellulose) 


300.00 g 


Polyplasdone XL (polyvinylpyrrolidone) 


30.00 g 


Purified water 


q.s. 


Magnesium stearate 


9.00 g 



The active ingredient is passed through a No. 30 hand screen. 
70 The active ingredient, lactose, Avicel PH 102 and Polyplasdone XL are blended for 15 minutes in a 
mixer. The blend is granulated with sufficient water (about 500 mL), dried in an oven at 35*C overnight, and 
passed through a No. 20 screen. 

Magnesium stearate is passed through a No. 20 screen, added to the granulation mixture, and the 
mixture is blended for 5 minutes in a mixer. The blend is encapsulated in No. 0 hard gelatin capsules each 
/5 containing an amount of the blend equivalent to 25 mg of the active ingredient. 



Clainns 



1. A compound of the formula I 

20 



O Ri CH2 O 

II I I 11 

HO- N - C - C - N S - Ar (I) 

I 1 il 

H A o 



30 (a) wherein 

Ar is carbocyclic or heterocyclic aryl; 

R is hydrogen, lower alkyi, carbocyclic aryl-lower alkyi, carbocyclic aryl, heterocyclic aryt, biaryi, 
biaryl-lower alkyi, heterocyclic aryl-lower alkyi. mono- or poly-halo-lower alkyi, C3-C7-cycloalkyl, C3- 
C7-cycloalkyl-lower alkyi, (oxa or thia)-C3-C6-cycloalkyl. [(oxa or thia)-C3-C6-cycloalkyl]-lower alkyi. 

35 hydroxy-lower alkyi. acyloxy-lower alkyi. tower alkoxy-lower alkyi. lower alkyl-(thio, sulfinyl or 

sulfonyl)-lower alkyi. (amino, mono- or di-lower alkytamino)-lower alkyi, acylamino-tower alkyi, (N- 
lower alkyl-piperazino or N-carbocyclic or heterocyclic aryl-lower a!kylpiperazino)-lower atkyl, or 
(morpholino. thiomorpholino. piperidino. pyrrolidine, piperidyl or N-lower alkylpiperidyl)-lower alkyi; 
Ri is hydrogen, lower alkyi, carbocyclic aryl-lower alkyi, carbocyclic aryl. heterocyclic aryl. biaryi. 

40 biaryl-lower alkyi, heterocyclic aryl-lower alkyL mono- or poly-halo-lower alkyi. C3-C7-cycloalkyl, C3- 

C7-cycloalkyl-lower alkyi, hydroxy-lower alkyi. acyloxy-lower alkyt. lower alkoxy-lower alkyi. (car- 
bocyclic or heterocyclic aryl)-lower alkoxy-lower alkyi. lower alkyl-(thio. sulfinyl or sulfonyl)-lower 
alkyi. (amino, mono- or di-lower a!kylamino)-lower alkyi. (N-lower alkyl-piperazino or N-carbocyclic or 
heterocyclic aryl-lower aikylpiperazino)-lower alkyi, (morpholino. thiomorpholino, piperidino, pyr- 

45 rolidino. piperidyl or N-lower alkylpiperidyl)-lower alkyi, acyiamino-lower alkyi. piperidyl or N-lower 

alkylpiperidyl; 

R2 is hydrogen or lower alkyi; 

(b) or wherein R and Ri together with the chain to which they are attached form a 1 .2.3.4-tetrahydro- 
isoquinoline. piperidine, oxazolidine. thiazolidine or pyrrolidine ring, each unsubstituted or substituted 

50 by lower alkyi; and Ar and R2 have meaning as defined under (a); 

(c) or wherein Rt and R2 together with the carbon atom to which they are attached form a ring 
system selected from Ci-Cz-cycloalkane which is unsubstituted or substituted by lower alkyi; oxa- 
cyclohexane. thia-cyclohexane, indane. tetralin. piperidine or piperidine substituted on nitrogen by 
acyi, lower alkyi, carbocyclic or heterocyclic aryl-lower alkyi, (carboxy, esterified or amidated 

55 carboxy)-lower alkyi or by lower alkylsulfonyl; and Ar and R have meaning as defined under (a); 

a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically acceptable salt 
thereof. 
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2. A compound according to claim 1 of the fornnula !a 



JO 



25 



40 



45 



X 

/ \ 

O CH2 o 

II I I II 

HO-N -C -C N S - Ar (la) 

I I II 



wherein X represents methylene or 1.2-ethylene each unsubstituted or substituted by lower alkyl. or X 
represents oxygen, sulfur, or 1 ,2-phenylene: Ar and R2 have meaning as defined in claim 1; or a 
pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically acceptable salt thereof. 

75 

3. A compound according to claim 1 of the formula lb 



O CHo O 

II I II nh. 

HO— N — C C N S Ar (ID) 

/ \ II 



H 



Y 



wherein Y is a direct bond, Ci -C* -straight chain alkylene optionally substituted by lower aikyl. 
CH2OCH2. CH2SCH2, 1.2-phenylene, CH2-1 .2-phenylene or CH2N(R6)-CH2 in which Re represents 
30 hydrogen, lower alkanoyi, di-lower alkylamino-lower alkanoyi, aroyl. carbocyclic aryl-lower alkanoyl. 
lower alkyl. carbocyclic or heterocylic aryl-lower alkyl, (carboxy. esterified or amidated carboxy)-lower 
alkyi or lower aikylsulfonyl; Ar and R have meaning as defined in claim 1; or a pharmaceutically 
acceptable prodrug derivative thereof; or a pharmaceutically acceptable salt thereof. 

35 4. A compound according to claim 3 of the formula tc 




■At 



(Ic) 



in which Y' represents oxygen, sulfur, a direct bond, methylene or methylene substituted by lower alkyl. 
or NRg; Rg represents hydrogen, tower alkanoyl. di-lower alkylamino-lower aikanoyi, carbocyciic aryl- 
50 lower alkanoyl. lower alkyl, carbocyclic or heterocyclic aryl-lower alkyl. (carboxy, esterified or amidated 
carboxy)-lower alkyl or lower aikylsulfonyl; Ar and R have meaning as defined in claim 1; or a 
pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically acceptable salt thereof. 

5. A compound of formula I according to claim 1 wherein Ar is phenyl which is unsubstituted or mono-, di- 
55 or tri-substituted by Ci-C^o-alkoxy. hydroxy; phenyl-lower alkoxy wherein phenyl is unsubstituted or 
substituted by lower alkyl, lower alkoxy, halogen or trifluoromethyl; heterocyclic aryl-lower alkoxy 
wherein heterocyclic aryl is selected from pyridyl, tetrazolyl, triazolyl, thiazolyl. thienyl. imidazolyl and 
quinolinyl. each unsubstituted or mono- or disubstituted by lower alkyl or halogen; C3-C7-cycloalky!- 
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lower alkoxy. (lower alkyl. phenyl-lower alky! or Cs-Cz-cycloalkyl-lower alkyl)-thio. lower alkyloxy-lower 
alkoxy. halogen, lower alkyl, cyano. nitro, trifluoromethyl, lower alkyl-{sulfinyl or sulfonyl), amino, mono- 
or di-lower alkylamino or. on adjacent carbon atonns, by Ci -C2-alkylenedioxy or oxy-C2-C3-alkylene; or 
Ar is thienyl. isoxazolyl or thiazolyl each of which is unsubstituted or mono- or di-substituted by lower 
5 alkyl; 

R is hydrogen, lower alkyl, phenyl-lower alkyl wherein phenyl is unsubstituted or substituted by lower 
alkyl, lower alkoxy, halogen or trifluoromethyl; phenyl which is unsubstituted or mono-, di- or tri- 
substituted by lower alkoxy, hydroxy, halogen, lower alkyl, cyano. nitro, trifluoromethyl. lower alkyl-(thio, 
sulfinyl or sulfonyl), amino, mono-or di-lower alkylamino or. on adjacent carbon atoms, by C1-C2- 
10 alkylenedioxy or oxy-C2-C3-alkylene; or a heterocyclic aryl radical selected from pyridyl, tetrazolyl, 
triazolyi. thiazolyl, thienyl, imidazolyl and quinolinyl, each unsubstituted or mono- or disubstituted by 
lower alkyl or halogen; biphenylyl which is unsubstituted or substituted by lower alkyl. lower alkoxy, 
halogen, trifluormethyl or cyano; biphenylyl-lower alkyl wherein biphenylyl is unsubstituted or substi- 
tuted by lower alkyl, lower alkoxy, halogen, trifluormethyl or cyano; (pyridyl, thienyl. quinolinyl or 
75 thiazolyl)-lower alkyl. trifluormethyl. C3-C7-cycloalkyl, Cs-Cz-cycloalkyl-tower aikyl, (oxa or thia)-C3-C6- 
cycloalkyl, [(oxa or thiahC^-U-cycloalkyll-lower alkyl, hydroxy-lower alkyl, lower alkanoyloxy-lower 
alkyl, lower alkoxy-lower alkyl, lower a!kyl-(thio, sulfinyl or sulfonyl)-lower alkyl. (amino, mono- or di- 
lower alkylamino)-lower alkyl, lower alkanoylamino-lower alkyl, (N-lower alkyl-piperazino or N-phenyl- 
lower a!kylpiperazino)-lower alkyl or (morpholino, thiomorpholino. piperidino, pyrrolidine, ptpertdyl or N- 
20 lower alkylpiperidyl)-lower alkyl; 

Ri is hydrogen, lower alkyl; phenyl-lower alkyl wherein phenyl is unsubstituted or substituted by lower 
alkyl, lower alkoxy, halogen, trifluoromethyl or. on adjacent carbon atoms, by Ci -C2 -alkylenedioxy or 
oxy-Cs-Ca-alkylene; phenyl which is unsubstituted or substituted by lower alkyl, lower alkoxy, halogen 
or trifluoromethyl; pyridyl, thienyl. biphenylyl, biphenylyl-lower alkyl; heterocyclic aryl-lower alkyl 
25 wherein heterocyclic aryl is selected from thiazolyl, pyrazolyl, pyridyl. imidazolyl and tetrazolyl each 
unsubstituted or substituted by lower aikyl; trifluoromethyl, C3-C7-cycloalkyl, C3-C7-cycloalkyl-lower 
alkyl, hydroxy-lower atkyi, lower alkanoyloxy-lower alkyl. lower alkoxy-lower alkyl, (phenyl or pyridyl)- 
lower alkoxy-lower alkyl, lower alkyl-(thio, sulfinyl or sulfonyl)-lower alkyl, (amino, mono- or di-lower 
alkylamino)-lower alkyl. (N-lower alkyl-piperazino or N-phenyl-lower alkylpiperazino)-lower alkyl, (mor- 
30 pholino, thiomorpholino. piperidino, pyrrolidine, piperidyl or N-lower alkylpiperidyl)-lower alkyl, lower 
alkanoylamino-lower alkyl; Rs-CONH-lower alkyl wherein R3 represents (di-lower alkylamino, N-lower 
alkylpiperazino. morpholino. thiomorpholino. piperidino, pyrrolidino or N-alkylpiperidyl)-lower alkyl; 
piperidyl or N-lower alkylpiperidyl; 
R2 is hydrogen or lower alkyl; 

(b) or wherein R and Ri together with the chain to which they are attached form a 1 ,2.3,4-tetrahydro- 
isoquinoline. piperidine. oxazolidine. thiazolidine or pyrrolidine ring, each unsubstituted or mono- or 
di-substituted by lower alkyl: and Ar and R2 have meaning as defined under (a); 

(c) or wherein Ri and Rz together with the carbon atom to which they are attached form a ring 
system selected from C3-C7-cycloalkane which is unsubstituted or substituted by lower alkyl; oxa- 
cyclohexane, thia-cyclohexane. indane. tetralin and piperidine which is unsubstituted or substituted 
on nitrogen by lower alkanoyi, di-lower alkylamino-lower alkanoyl. lower alkoxycarbonyl. (morpholino, 
thiomorpholino or piperidino)-carbonyl. lower alkyl. (phenyl or pyridyl)-lower alkyl. (carboxy. lower 
alkoxycarbonyl. benzyloxycarbonyl. aminocarbonyl or mono- or di-lower alkylaminocarbonyl)-lower 
alkyl or by lower alkylsulfonyl; and Ar and R have meaning as defined under (a); 
a pharmaceutically acceptable prodrug derivative thereof: or a pharmaceutically acceptable salt 
thereof. 

A compound of formula I according to claim 1 wherein Ar is phenyl which is unsubstituted or monor, di- 
or tri-substituted by Ci -C7-alkoxy. hydroxy, phenyl-lower alkoxy. C3-C7-cycloalkyl-lower alkoxy. lower 
alkyloxy-lower alkoxy. halogen, lower alkyl. cyano. nitro, trifluoromethyl, lower alkyl-{sulfinyl or sulfonyl), 
amino, mono- or di-lower alkylamino or. on adjacent carbon atoms, by Ci -C2 -alkylenedioxy or oxy-C2- 
Ci-alkylene: or Ar is thienyl, isoxazolyt or thiazolyl each of which is unsubstituted or mono- or di- 
substituted by lower alkyl; 

R is hydrogen, lower alkyl. phenyl-lower alkyl; phenyl which is unsubstituted or mono-, di- or tri- 
substituted by lower alkoxy, hydroxy, halogen, lower alkyl. trifluoromethyl. or. on adjacent carbon 
atoms, by C1-C2 -alkylenedioxy or oxy-C2-C3-alkylene; or a heterocyclic aryl radical selected from 
pyridyl. thiazolyl and quinolinyl. each unsubstituted or mono- or disubstituted by lower alkyl; biphenylyl; 
biphenylyl-lower alkyl: (pyridyl or thienyl)-lower alkyl. trifluormethyl. C3-C7-cycloalkyl, Ca-C^-cycloalkyl- 
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lower alkyl. (oxa or thia)-C3-Cs-cycloalkyl. ({oxa or thia)-C3-C6-cycloalkyl]-lower alkyl, hydroxy-lower 
alkyi, (N-lower alkyl-piperazino or N-phenyl-lower alkylpiperazino)-!ower alkyl or (morpholino. thiomor- 
pholino, piperidino, pyrrolidine, piperidyl or N-lower alkylpiperldylHower alkyl; 

Ri is hydrogen, lower alkyl; phenyl-lower alkyl wherein phenyl is unsubstituted or substituted by lower 
alkyl. lower alkoxy. halogen, trifiuoromethyl or. on adjacent carbon atoms, by Ci -C2-alkylenedioxy; 
biphenylyl-lower alkyl; heterocyclic aryl-lower alkyl wherein heterocyclic aryl is selected fronn thiazolyl. 
pyrazolyt, pyridyl. imidazolyl and tetrazolyl each unsubstituted or substituted by lower alkyl; C3-C7- 
cycloalkyi, C3-C7-cycloalkyl-lower alkyl. hydroxy-lower alkyl. (phenyl or pyridylHower alkoxy-lower 
atkyl. lower alkyHthio, sulfinyl or sulfonyl)-lower alkyl, (amino, mono- or di-lower alkylamino)-lower alkyl, 
(N-lower alkyl-piperazino or N-phenyl-lower alkylpiperazino)-lower alkyl. (morpholino. thiomorpholino, 
piperidino. pyrrolidine, piperidyl or N-lower aikylpiperidyl)-lower alkyl, lower alkanoylamino-lower alkyl; 
R3-CONH-lower alkyl wherein R3 represents (di-lower alkylamino. N-lower alkylpiperazino. morpholino. 
thiomorpholino. piperidino. pyrrolidine or N-alkylpipendyl)-lower alkyl; piperidyl or N-lower alkyl- 
piperidyl; 

R2 is hydrogen or lower alkyl; 

(b) or wherein R and Ri together with the chain to which they are attached form a thiazoltdine or 
pyrrolidine ring, each unsubstituted or mono- or di-substituted by lower alkyl; and Ar and R2 have 
nneaning as defined under (a); 

(c) or wherein Ri and R^ together with the carbon atom to which they are attached form a ring 
system selected from C3-C7-cycloalkane which is unsubstituted or substituted by lower alkyl; oxa- 
cyclohexane, thia-cyclohexane and piperidine which is unsubstituted or substituted on nitrogen by 
lower alkanoyl, di-lower alkylamino-lower alkanoyl, lower alkoxycarbonyl. (morpholino. thiomorpholino 
or piperidine)-carbonyl, lower alkyl, (phenyl or pyridyl)-lower alkyl. (carboxy. lower alkoxycarbonyl, 
aminocarbonyl or mono-or di-lower alkylaminocarbonyl)-lower alkyl or by lower alkylsulfonyl; and Ar 
and R have meaning as defined under (a); 

a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically acceptable salt 
thereof. 

7. A compound according to claim 1 of the formula II 



R is hydrogen, lower alkyl. carbocyclic aryl-lower alkyl, carbocyclic aryl. heterocyclic aryl, biaryl, biaryl- 
lower alkyl, heterocyclic aryl-lower alkyl. mono- or poly-halo-lower alkyl. C3-C7-cycloalkyl. C3-C7- 
cycloalkyl-lower alkyl, (oxa or thia)-C3-C6 -cycloalkyi, [(oxa or thia)-C3-a-cycloalkyl]-lower alkyl, 
hydroxy-lower alkyl, acyloxy-lower alkyl. tower alkoxy-lower alkyl. lower alkyl-(thio, sulfinyl or sulfonyl)- 
lower alkyl. (amino, mono- or di-lower alkylamino)-lower alkyl, acylamino-lower alkyl, (N-lower alkyl- 
piperazino or N-carbocyclic or heterocyclic aryl-lower alkylpiperazino)-lower alkyl, or (morpholino, 
thiomorpholino, piperidino, pyrrolidine or N-lower alkylpiperidyl)-lower alkyl; 

Ri is hydrogen, lower alkyl, carbocyclic aryl-lower alkyl, carbocyclic aryl, heterocyclic aryl, biaryl. 
biaryl-lower alkyl. heterocyclic aryl-lower alkyl, mono- or poly-hato-lower alkyl, Cs-C? -cycloalkyi, Cs-C?- 
cycloalkyl-lower alkyl, hydroxy-lower alkyl. acyloxy-lower alkyl, lower alkoxy-iower alkyl. lower alkyl- 
(thio. sulfinyl or sulfonyl)-lower alkyl, (amino, mono- or di-lower alkylamino)-lower alkyl. (N-lower alkyl- 
piperazino or N-carbocyclic or heterocyclic aryl-lower alkylpiperazino)-lower alkyl, (morpholino, thiomor- 
pholino. piperidino, pyrrolidine, piperidyl or N-lower alkylpiperidyl)-lower alkyl, piperidyl, N-lower aikyl- 
piperidyl, or acylamino-lower alkyl represented by R3-CONH-lower alkyl; 
R2 is hydrogen; 

R3 in R3-C0NH-lewer alkyl is lower alkyl, carbocyclic or heterocyclic aryl. di-lower alkylamino, N-lower 
alkylpiperazino, morpholino, thiomorpholino. piperidino. pyrrolidine. N-alkytpiperidyl. or (di-lower al- 



R 




(11) 



wherein 



39 



.0606046A1 .l_> 



EP 0 606 046 A1 



kylamino. N-lower alkylpiperazino, morpholino. thiomorpholino, piperidino, pyrrolidine, pyridyl or N- 
lower alkylpiperidyl)-lower alkyi; 

is hydrogen, lower alkoxy, hydroxy, carbocyclic or heterocyclic aryl-lower alkoxy, lower aikylthio or 
carbocyclic or heterocyclic aryl-lower aikylthio, lower alkyloxy-lower alkoxy, halogen, trifluoromethyl. 
lower alky I. nitro or cyano; 
Rs is hydrogen, lower alkyl or halogen; 

or R* and Rs together on adjacent carbon atoms represent nnethylenedioxy, ethylenedioxy, oxyethylene 
or oxypropylene; 

or a pharmaceutically acceptable prodrug derivative thereof; or a pharnnaceutically acceptable salt 
thereof. 

8. A compound according to claim 1 of formula II 

R 




wherein 

R and Ri together with the chain to which they are attached form a 1 .2,3,4-tetrahydro-isoquinoline, 
piperidine, thiazolidine or pyrrolidine ring; 
R2 is hydrogen: 

R4 is hydrogen, lower alkoxy, hydroxy, carbocyclic or heterocyclic aryl-lower alkoxy, lower aikylthio or 
carbocyclic or heterocyclic aryl-lower aikylthio, lower alkyloxy-lower alkoxy, halogen, trifluoromethyl, 
lower alkyl, nitro or cyano; 
Rs is hydrogen, lower alkyl or halogen; 

or R* and R5 together on adjacent carbon atoms represent methylenedioxy. ethylenedioxy, oxyethylene 
or oxypropylene; 

or a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically acceptable salt 
thereof. 

9. A compound according to claim 1 of formula II 




(11) 



wherein 

R is hydrogen, lower alkyl, carbocyclic aryl-lower alkyl. carbocyclic aryl, heterocyclic aryl, biaryl, biaryl- 
lower alkyl. heterocyclic aryl-lower alkyl. mono- or poly-halo-lower alkyl. C3-C7-cycloalkyl, C3-C7- 
cycloalkyl-lower alkyl. (oxa or thia)-C3-C6-cycloalkyl. [(oxa or thia)-C3-C6-cycloalkyl]-lower alkyl. 
hydroxy-lower alkyl. acyloxy-lower alkyl, lower alkoxy-lower alkyl, lower alkyl-(thio, sulfinyl or sulfonyl)- 
lower alkyl, (amino, mono- or di-lower alkylamino)-lower alkyl, acylamino-lower alkyl. (N-lower alkyl- 
piperazino or N-carbocyclic or heterocyclic aryl-lower alkylpiperazino)-lower alkyl, or (morpholino. 
thiomorpholino, piperidino. pyrrolidine or N-lower alkylpiperidyl)-lower alkyi; 

Ri and R2 together with the carbon atom to which they are attached form a ring system selected from 
cyclohexane, cyclopentane, oxacyclohexane. thiacyclohexane. indane. tetralin, piperidine or piperidine 
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substituted on nitrogen by acyl. lower alkyl. carbocyclic or heterocyclic aryl-lower alkyl or by lower 
alkylsulfonyl; 

R4 is hydrogen, lower alkoxy, hydroxy, carbocyclic or heterocyclic aryl-lower alkoxy, lower alkylthio or 
carbocyclic or heterocyclic aryl-lower alkylthio, lower alkyloxy-lower alkoxy. halogen, trifluoronnethyl. 
lower alkyl, nitro or cyano; . 
Rs is hydrogen, lower alkyl or halogen; 

or R4 and Rs together on adjacent carbon atoms represent methylenedioxy. ethylenedioxy. oxyethylene 
or oxypropylene; 

or a pharmaceuticaliy acceptable prodrug derivative thereof; or a pharmaceutically acceptable salt 
thereof. 

10. A connpound according to ciainn 1 of formula III 



wherein R represents lower alkyl, trifiuoromethyl, Cs-Cz-cycloalkyl. (oxa or thia)-C4-Cs-cycloatkyt, biaryl, 
carbocyclic monocyclic aryl or heterocyclic monocyclic aryl; Ri represents hydrogen, lower alkyl, C5- 
C7-cycloalkyl, monocyclic carbocyclic aryl. carbocyclic aryl-lower alkyl, heterocyclic aryl-lower alkyl. 
lower alkoxy-lower alkyl, lower alkyl-(thio. sutfinyl or sulfonyl)-lower alkyl, di-lower alkylamino-tower 
alkyl. (N-lower alkyipiperazino. morpholino. thiomorpholino. piperidino or pyrrolidinoMower alkyl or R3- 
CONH-lower alkyl; R3 represents lower alkyl, carbocyclic aryl, heterocyclic aryl, di-lower alkytamino, N- 
lower alkyipiperazino, morpholino, thiomorpholino, piperidino, pyrrolidine, N-alkylpiperidyl. or (di-lower 
alkylamino, N-lower alkyipiperazino. morpholino, thiomorpholino. piperidino. pyrrolidtno or N-alkyl- 
piperidyl)-lower alkyl; R* represents lower alkoxy or carbocyclic or heterocyclic aryl-lower alkoxy; or a 
pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically acceptable salt thereof. 

11. A compound of formula 111 according to claim 10 wherein R represents heterocyclic monocyclic aryl 
selected from tetrazolyl, triazolyl, thiazolyl. imidazolyl and pyridyL each unsubstituted or substituted by 
lower alkyl; or R represents phenyl or phenyl substituted by lower alkyl, lower alkoxy, halogen or 
trifiuoromethyl; R, represents lower alkyl. cyclohexyl. or Rs-CONH-lower alkyl wherein R3 represents 
(di-lower alkylamino. N-lower alkyipiperazino, morpholino. thiomorpholino, piperidino. pyrrolidino or N- 
alkylpiperidyO-lower alkyl; and R* represents lower alkoxy or phenyl-lower alkoxy; or a pharmaceuticaliy 
acceptable prodrug derivative thereof; or a pharmaceutically acceptable salt thereof. 

12. A compound of formula 111 according to claim 10 wherein R represents 2-, 3- or 4-pyridyl or phenyl; Ri 
represents C-C* -alkyl. cyclohexyl or R3-CONH-C1 -C4 -alkyl wherein R3 represents di-Ci -C*-alkylamtno- 

. C1-C4 -lower alkyl; and R^ represents lower alkoxy; or a pharmaceutically acceptable prodrug derivative 
thereof; or a pharmaceutically acceptable salt thereof. 

13. A compound of formula 111 according to claim 10 wherein R represents 3-pyridyl or 4-pyridyl; R. 
represents isopropyl or cyclohexyl; and R* represents lower alkoxy; or a pharmaceutically acceptable 
prodrug derivative thereof: or a pharmaceutically acceptable salt thereof. 

14. A compound according to any one of claims 1-13 wherein the asymmetric carbon to which is attached 
R; is assigned the (R)-configuration. 

15. A compound according to claim 1 which is N-hydroxy-2(RH[4-methoxybenzenesulfonyl](3-picolyl)- 
amino]-3-methylbutanamide. a pharmaceutically acceptable prodrug derivative thereof or a pharmaceu- 
tically acceptable salt thereof. 



R 




(HI) 
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16. A compound according to clainn 1 which is N-hydroxy-2(R)-[[4-nnethoxyben2enesulfonyl](3-picolyl)- 
amino]-3-nnethylbutanannide or a pharnnaceutically acceptable salt thereof. 

17. A compound according to claim 1 which is N-hydroxy-2(RH[4-methoxybenzenesulfonyl](3-picolyl)- 
5 amino]-2-cyclohexylacetamide or a pharmaceutically acceptable salt thereof. 

18. A compound according to claim 1 which is N-hydroxy-2(R)-[[4-methoxybenzenesulfonyl]{benzyl)amino]- 
4-methylpentanamide or a pharmaceutically acceptable salt thereof. 

10 19. A compound according to claim 1 which is N-hydroxy-2(R)-[[4-methoxybenzenesulfonyi](ben2yl)amino]- 
6-[(N.N-dimethylglycyl)amino] hexanamide hydrochloride or a pharmaceutically acceptable salt thereof. 

20. A pharmaceutical composition comprising a compound according to any one of claims 1 to 19 and a 
pharmaceutically acceptable carrier. 

15 

21. A compound according to any one of claims 1 to 19 for use in a method for the therapeutic treatment 
of the animal or human body. 

22. A compound according to any one of claims 1 to 19 for use in the treatment of stromelysin and 
20 collagenase dependent conditions. 

23. The use of a compound according to any one of claims 1 to 19 for the manufacture of a pharmaceutical 
composition. 

25 24. The use of a compound according to any one of claims 1 to 19 for the manufacture of a pharmaceutical 
composition for the treatment of stromelysin and collagenase dependent conditions. 

25. A process for the preparation of a compound of formula I according to claim 1. which comprises 
condensing a carboxylic acid of formula IV, 

30 
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40 or a reactive functional derivative thereof, wherein R, R; . R2 and Ar having meaning as defined in claim 
1, with hydroxylamine of formula V, 

NH2-OH (V) 

45 optionally in protected form, or a salt thereof; 

and. if necessary, temporarily protecting any interfering reactive group(s), and then liberating the 
resulting compound of the invention; and, if required or desired, converting a resulting compound of the 
invention into another compound of the invention, and/or. if desired, converting a resulting free 
compound into a salt or a resulting salt into a free compound or into another salt; and/or separating a 

50 mixture of isomers or racemates obtained into the single isomers or racemates; and/or. if desired, 
resolving a racemate into the optical antipodes. 
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